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(particle, xn) Reactions 
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ABSTRACT 

A simple method for measuring the life-times 
of gamma-transitions from nanosecond isomeric 
states is described. The method depends on 

" the phase grouping of beam pulses in a 
cyclotron and the fast timing properties of 

Ge(Li) detectors. 

This letter reports a simple method for the systematic 

observation of isomeric states with lifetimes longer than a few 

nanoseconds that are populated in (particle, xn) reactions. The 

method depends on the natural phase grouping of beam pulses from 

a cyclotron a...Yld the fast timing properties of Ge (Li) detectors. 

We have used this method to study isomeric states in a number of 

Sn and Po isotopesl ). 
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The use of beam bunches from fixed frequency cyclotrons 

to give a zero of time for time-of-flight studies with neutrons 

has been reviewed by Bloom2). The time-of-flight distribution of 

the neutrons between the beam bunches is studied. A similar 

principle is applied in our method for studying nanosecond isomeric 

states. In our experiments we have used the external beam from 

the Berkeley 88" sector-focussed cyclotron. The beam bunches are 

used to generate a zero time signal, and the time distribution of 

r-rays from a target is studied. The beam bunches from the 

cyclotron are typically 4 nsec wide and the repetition frequency 

is 100-170 nsec, depending on the particle being accelerated and 

on the energy. In most of our experiments 20 to 50 MeV a-particles 

were used to bombard the targets. 

The )'- rays are studied vIi th a Ge (Li) r- ray detector. 

The fast timing properties of Ge(Li) detectors have recently been 

discusse; b;--~~~eral workers3). To obtain fast timing it is 
---- --

_essential to use leading-edge rather than cros~-over, timing. The 

time resolution obtainable depends on the energy of the ),-ray being 

studied and on the size of the Ge(Li) detector. With 3 mm thick 

_ planar detectors, full widths at half-maximum of 2.7 nsec have been 

obtained for 511 keV )'- rays4). The half-slope on the edge of the 

curve can be as low as 1 nsec, although at ~ 1/50 peak height 

there is usually a tail with a greater slope. 

In our experiments the cyclotron r.f. oscillator is used 

to generate the zero time signal and the time distribution of the 

),-ray"s is studied with planar Ge(Li) ),-ray detectors. A simplified 

\/ 

• 
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block diagram of the apparatus is shovm in fig.l. The fast signal 

from the Ge(Li) y-ray spectrometer is used to generate the start 

signal for a time-to-height converter, and the signal from the r.f. 

,. Gscillator, 'suitably delayed, to generate the stop signal. For 

• 

convenience, only every second pulse from the cyclotron generates 

a stope signal. This gives two prompt peaks, as illustrated in 

the schematic time distribution shown in fig. 1. The output of 

the time-to-height converter is fed to a mixer amplifier where a 

correction is applied to compensate approximately for the time 

"\,lalk" with pulse-height associated with leading edge timing. 

This correction is not critical as we are studying time distri

butions of individual y-ray peaks and the "walk" only causes a 

shift in the position of "zero-time" for different energies. 

The energy signal from the Ge(Li) detector system and the time-

signal are analysed in a two-dimensional analyser, usually with 
----- .... ~ 

256 en-ergy channels and 16 time channels. 

A schemat~c diagram of the experimental arrangement 

used with the cyclotron is shown in fig. 2. The analysed beajll 

strikes a thin target in a simple target chamber, and the trans-

mitted beam is stopped in a well-shielded beam-catcher. The y-ray 

spectrum is studied with a Ge(Li) detector surrounded by a thick 

lead. collimator to reduce the background from y-rays from the 

defining slits and from possible sources other than the target. 

Fig. 3a shOltiS a typical part of a two- dimensional y- ray 
. 208 

spectrum ob served \'Ihen a target of Pb was bombarded with 50 MeV 

a-particles. This spectrum is mainly due to the 208pb (o, 4n)208po 
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reaction. It was obtained with a 2 cm2 x 5 mm thick thin-windoi'l 

Ge(Li) detector and with 256 channels for energy analysis and 

16 channels for time analysis. Only a few of the spectra are 

shown, corresponding to five different time channels spaced by 

approximately 18 nsec. Some peaks, e.g. y-145, decay very rapidly 

~d give the prompt time distribution; others decay more slowly 

indicating the presence of isomeric states. The y-rays may either 

come directly from the isomeric state or from a level fed by a 

transition from such a state. These spectra have also been 

studied i'-Tith 256 channels for time analysis and 16 cha.n.nels for 

energy analysis. Fig. 3b shows the time spectrum for the 147 keV 

peak. This curve was obtained by setting a gate on the 147 keV 

peak and subtracting the contribution due to Compton events from 

higher energy y-rays. Because of the width of the energy windo~T 

(~ 3.5 keV) , the spectrum includes a small amount of the 145 keV 

prompt peak. 'l.'he slope of the time curve shows that the 147 keV 

peak has a half-life of 8.3 ± 0.5 nsec. The ":prompt" curve shown 

in fig. 3b was 'obtained from the energy window above the 147 keV 

peak after correction for the contribution from the "long-lived" 

176 keV peak. This curve still contains a small contribution 

from higher-energy y-rays with a 4 nsec half-life as well as from 

prompt events. 

The method described in this letter has been used to 

t d d . . . t t . . t . ft' f 108 s u y na.rlOsecon 1.soraerJ.c s a e s 1.n 1.S0 opes 0 1.n rom Sn to 

118sn and for 208po and 2l0po .' B . ecause of the simplicity of the 

apparatus, data are accumulated very rapidly. The lower limit of 

I 

• 
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me"asurable half-lives depends on the time spread of the cyclotron 

berun bunches and on the timing properties of the Ge(Li) detector. 

For ,-rays of '"'" 1 MeV this limit is '"'" 2 nsec J and for ,-rays of 

150 keV the-limit is '"'" 4 nsec J if 5 rom thick He(Li) detectors are 

used. In our experiments we used a zero-time pulse from the 

cyclotron oscillator. There is a small time drift between this 

signal and the beam bun.ches striking the target. This source of 

time spread could be reduced by deriving the zero-time pulse 

directly from the beam bunch. Although it is possible to detect 

very long-lived isomers, it is hard to measure the half-life if 

it is longer than 300 nsec because we only observe the decay 

bet\,leen beam bunches. A system that removed bunches from the 

beam would enable longer half~lives to be measured. Isomers in 

that region can also be studied by other teChniques5). 

The aim of our experiments 'tiTaS to identify and measure 
----

the half-lives of nanosecond isomeric states. However it should 

----be remembered that states formed in (0, xn) reactions are highly 

"~~gned6) and so it is possible to study the angular distribution 

as a function of time in the nanosecon.d region. In view of a 

large number of new isomers to be discovered we feel that the 

technique will thus be very powerful for studying the time 

dependence of the alignments of isomeric states in the presence 

of an extra-nuclear field. Such experiments are now in progress7). 

We would like to express thanks to Dr. F.S. Goulding 

and Mr. D.A. Landis for their valuable assistance with the 

electronic system. 
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Figure Captions 

Figure 1. Simplified block diagrrua of electronic apparatus used 
. 
in measurements of nanosecond isomeric states. A 

schematic time distribution is also shown. As only 

every second pulse .from the cyclotron is used there 

are two prompt peaks separated by the period of the 

cyclotron r.f. oscillator. 

Figure 2. Schematic diagram of experimental arrangement used 

at the Berkeley 88 in; cyclotron. 

Figure 3. . a) Part of the 256 channel (energy) x 16 channel (time) 

spectrum observed \'lhen a 208pt target is bombarded 

.. _ .. -_.-_. 

by 50 MeV a-particles. 

b) Time distribution for 147 keV gamma-ray. 256 channels 
-:.-----.. ---

were used for time analysis and 16 channels for 

energy analysis. The time spectrum was obtained 

by setting a gate on the 147 keY peak and subtracting 

the contribution due to Compton events from higher 

energy gamma-rays. 
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