EXPERIMENT 14
Nuclear Lifetimes

and the Coincidence Method

EQUIPMENT NEEDED FROM EG&G ORTEC
Two 113 Scintillation Preamplifiers

Two 266 Photomultiplier Tube Bases

Two Bins and Power Supplies

418A Universal Coincidence

Two 551 Timing Single-Channel Analyzers
567 Time-to-Amplitude Converter and SCA
Two 556 High Voltage Power Supplies

9805-3 Nal(TIl) 2- by 2-in. Detector and PM tube

ACE-2K MCA System including suitable IBM PC (other
EG&G ORTEC MCAs may be used)

Oscilloscope

20-uCi *’Co source

Source Kit SK-1G

905-1B Thin Window Nal(Tl) Detector with PM Tube

480 Pulser ORC-14 Cable Set

875 Counter OPTIONAL EQUIPMENT FOR EXPERIMENT 14.3

Two 575A Amplifiers GEM-10195 Coaxial Detector System

719 Timer SLP-06175 Si(Li) X-Ray Detector System
Purpose Yo 2704

This experiment will use the coincidence method of timing
identification to measure the mean lifetime in the decay
scheme of *'Co.

Introduction

The measurement of the lifetimes of excited nuclear states
constitutes an important experimental technique in nuclear
physics. Many nuclear states remain excited for mean life-
times that are measured easily with the techniques outlined
in Experiment 9. The lifetime of a nuclear state is related to
its width, (energy), by the uncertainty principle:

1
AEAt=h, (M
where
AE = uncertainty in energy associated with a state,
At = uncertainty in time associated with the state,
i =1.054 x 107 joules-s.

In general, for nuclear lifetimes, Eq. (1) becomes
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where r = mean life of a level of width I

In this experiment several techniques are outlined for meas-
uring the lifetime of the first excited state of *’Fe. The
accepted value for this lifetime is 98 ns, which is well within
the measuring capabilities of the coincidence techniques
discussed in Experiment 9.

The decay scheme for *’Co is shown in Fig. 14.1. The decay
of this isotope is essentially all by electron capture, (EC), to
the 136-keV level of °'Fe. Figure 14.2 shows a high-resolution
x-ray spectrum of *’Co, in which the Ka, and Kg, x rays result-
ing from the electron capture are shown. The decay of the
136-keV level of *’Fe can occur by one of two principal
modes: by a 136-keV gamma directly to the ground state or
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Fig. 14.1. Decay Scheme of *Co.

by branching through the 14-keV level to ground state. The
136-keV gamma, (vs), branch occurs 11% of the time. The
122-keV gamma, (v:), is 87% abundant. The 14-keV level,
(1), de-excites most of the time by internal conversion. The
ratio of internal conversion to gamma decay, (e/v), for this
level is ~9.0. The 14-keV gamma is also shown in Fig. 14.2.
Figure 14.3 shows a high-resolution gamma spectrum of a
’Co source. The lifetime of the 14-keV state can be meas-
ured by determining the time distribution of coincidence
events between v, and ..
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Fig. 14.2. Low-Energy Photon Spectrum from 5’Co.
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Fig. 14.3. High-Resolution Gamma Spectrum for *Co.

Experimentally the best way to do this delayed coincidence
experiment is with a time-to-amplitude converter (TAC). In
Experiment 9 the TAC was used to indicate pairs of coinci-
dent pulses and to measure the variation in their relative
times of occurrence. In Experiment 14.1, y, will be used to
start a time measurement, and vy, will be used to stop the
measurement. The output of the TAC will then provide atime
distribution of the lifetime of the first excited state of *'Fe,
calibrated with known delays as in Experiment 9. In Experi-
ment 14.2 the same information is obtained by measuring
the v, and vy coincidence event rate with a fast coincidence
circuit as a function of the delay in the v, side of the circuit.

These techniques are repeated in Experiment 14.3 using
detectors with different spectral response characteristics.

EXPERIMENT 14.1

Lifetime Measurement of the
14-keV State in >’Fe Using the
Time-to-Amplitude Converter
Method

Procedure

1. Set up the electronics as shown in Fig. 14.4. The 905-3
Nal(Tl) detector will be used to detect the v, events at 122
keV and to start a time measurement for each sensed event.
The other NalL(Tl) detector, the one with the thin window,
will be used to detect the v, events at 14.41 keV and to stop
the time measurements. Adjust each 556 High Voltage Power
Supply to the voltage that is recommended for its detector.

2. Adijust the gain of the 575A Amplifier in the Start circuit
in Fig. 14.4 so that the output pulses for the 122-keV gammas
from *’Co are ~5 Vin amplitude. Use the bipolar output of the
575A to connect to the 551 Timing SCA in the Start circuit.
For reference, Fig. 14.5 shows a typical spectrum of “Co asiit
will appear at the output of this amplifier. Note that the
122-keV and 136-keV lines are not resolved in the spectrum
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Fig. 14.4. Electronics for Lifetime Measurement with TAC.
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