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Scintillation Counters

0. R. Frisch, Cavendish Laboratory, Cambridge, England.

Zinc sulphide and diamond produce scintillations (light flashes)
on bombardment with a-rays; that property was discovered early
in this contury and for about two decades it remained the only
means of detecting individual a-particles. Much of the classical
work in radioactivity and nuclear physics was done with its help.
Scintillations were counted in those scattering experiments (by
Geiger and Marsden) which led to Rutiierford's nuclear atom;
in Rutiierford's discovcry that nitrogen nuclei could be disinte-
grated (transformed) by impact of an alpha particle, and in all the
early work on nuclear transformation which followed. It was even
usod (19132) in Cockcroft and Walton's first successful disintegra-
tion of lithium nuclei by artificially accelerated protons.

Yet the method had severe short-comings. It was laborious, un-
reliable, and slow; not much more than twenty scintillations per
minute could be counted, or the observer was likely to miss a good
many. Conversely at low counting rat.es the observer was likely to
"see" scintillations which were not there.

When electronic valve amplifiers were developed which could de-
tect the small ionisation currents due to single alpha-particles and
protons the scintillation method went out of use. Now, after about
20 years, it has couie back, owing to the development of a new
electronic tool, the photo-multiplier.

An electron multiplier contains, in a high vaeuum, a number of
"dynodes", suitably shaped electrodes made from a material with
high secondary electron emission. An electron falling on one of the
dynodes will liberale, say, threc secondary electrons which, owing
to the shape of the dynodes, will be attracted to the next dynode
where each of them will again produce three secondary electrons,
and so on. In this way, with ten dynodes, a single electron falling
on the first dynode will cause about 105 electrons to be ejccted from
the last dynode, representing a current pulse which can be easily
recordcd by a moderately sensitive amplifier.

In a photo-multiplier a photo-sensitive cathode (usually a eesium
layer on a suitable substratum of Ag or Ag—Sb) is so arranged that
the electrons emitted from it are directed towards the first dynode
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of an electro-multiplier. Cathodes can be arranged to emit electrons
un the samt side from which the light falls 011 them, or on the other
side. The latter type is very convenient, because the light source
can be placed very close to the photo-cathode, on the outside of
the glass envelope. while the first dynode can also be close to the
cathode, on the other side. Both these features make für compact-
ness and high efficiency.

Even in the complete absence of light. electrons are emitted from
the cathode because of its low work function; tIiis thermal current
is the greater in general the more sensitive the cathode. It causes
background pulses to appear at the Output of the multiplier, which
under unfavourable conditions can be numerous enough to comple-
telv obscure the scintillation pulses.

To reduce the importance of that thermal background, several
methods are available. In the first place, one can cool the multiplier.
Cooling with solid carbon dioxide is usually sufficient to reduce the
background pulses to a negligible amount. Becondly, if the
background is not too large, one can emplov two photo-multipliers in
coincidence, both looking at the same piece of phosphor; it is very
unlikely that two thermal pulses should happen to occur simulta-
neously and thus simulate a scintillation.

Both these methods entail additional trouble and exponse. The
liest- way is to use a goocl phosphor which produees large scintillation
pulses each of which ejects many electrons from the photo-cathode
and thereby prochices a pulse much larger t.han the pulses due to
thermal emission.

Of phosphors tliere is now a considerable variety. In addition to
zinc sulphide a nuniber of new inorganic scintillating phosphors
havc beeil found, such as zinc oxide, fluorite (CaF2), thallium-
activated sodium (or potassium) iodide, Schoelite (CaW(.)4) and
others. In addition, organic crystals containing co-ordinated double
bonds have been found suitable, such as solid benzene, naphtalene,
anthracene, stilbene, and suitable mixtures thereof; naphtalene
containing 0.1% of anthracene is getting very populär. The effeet
of such small admixtures indicat.es the neod for high purity.

The behaviour of inorganic and organic phosphors differs in several

respects. In the first place, ithas beenstated that alpha particles
give bigger pulses in inorganic phosphors thaii electrons of the same

energy, while in organic phosphors the relation is reverse. However,
recent measurements have thrown doubt upon tIiis Observation.

An important difference exists in the time behaviour, and this
is connected with the different mechanism of luminescence. In the
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inorganic phosphors a fast particle which passes through the crystal
throws electrons out of their positions into the lattice, creating a
number of vacancies at the same time; light is emitted when the
electrons return to the vacancies. However, as the number of the
electrons diminishes so does the number of vacancies, and the remain-
ing electrons find it increasingly difficult to find a vacancy into
which to drop. As a result the light emission does not fall off expon-
entially, but with a gradually increasing time constant, rouglily as

1/t. Empirically, the time constants found for various inorganic
phosphors are usually greater than a microsecond.

In an organic phosphor the particle which passes through it ex-
cites individual molecules on its way, and the light emission is due
simply to the de-exeitation of those molecules. Hence the emission
decays exponentially, and usually with a very short time constant.
Decay times down to .02 microsecond have been reported, and it
is not clear whether that lower lirait is not imposed by the present
measuring instruments.

The fact that organic phosphors give such very brief scintillations
makes it possible to use them in connec-tion with coincidence cir-
cuits of high resolution. In measurements of that kind, it is also a

great advantage that scintillation counters have a very high sens-
itivity for gamma rays. That is due simply to the fact that fairlv
large blocks of phosphor can be prepared in a sufficiently transparent
or translucent form to allow most of the light to escape, while ab-
sorbing a substantial fraction of the gamma quanta.

The high sensitivity for gamma rays and the short time constant
of scintillation counters make them particularly suitable for the
study of correlations between two gamma quanta emitted from a
nucleus (or one gamma quantum and one other particle). Let us
consider a specimen in which N nuclei decay per seconcl, each decay
giving rise to the practically simultaneous emission of two gamma
quanta. Two counters may be placed near that source in such a way
that their efficiencies are s1 and e2 respectively (the efficiency here
is defined as the probability that any given quantum should be re-
corded by that counter; it therefore includes the solid angle sub-
tended by the counter). The counting rates recorded by the two
counters separately will then be

A Nev B Ne2

while the number of genuine coincidences is C Ne^ e2 (neglecting
angular correlation between the two quanta). In addition we have
always a certain rate of accidental coincidences when the two coun-
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ters are independently triggered within t-he resolving time r. The
number of these accidental eoincidences is D 2 r N2e1e2 and
should obviously be kept below the number of genuine eoincidences
so that it. can be easilv allowed for. This imposes the condition
2 t N < 1 on the strength of the source, and the rate at which true
eoincidences can be recorded is tlius limited to about Cnmx

s1s2 2 r.
Scintillation counters havo approximately ten times shorter r,

and more than ten times higher gamma sensitivity than Geiger
counters. Hence their use allows one to record gamma eoincidences
at about a thousand times the rate possible with Geiger counters.
The recent great advance in our knowledge of angular correlation
between successive gamma quanta would have been impossible with
Geiger counters.

The high gamma sensitivity of scintillation counters is also an
advantage in the measurement of very weak gamma activities; this
may have important applications in biology (use of gamma-active
tracers). In that connection it should be welcome that the lifo of a
scintillation phosphor and a photo-multiplier is probably nearly
unlimited.

Scintillation counters for counting alpha particles and protons do
not offer such fundamental advantages. But the arrangement is

simpler, more robust, and more long-lived than the. traditional ion-
isation Chamber or proportional counter with its attending amplifier.
The phosphor must be covered with a very thin metal foil which
must be light-tight but need not be air-tight and is not liable to
hurst when the counter is introduced into a vaeuum.

The light from a phosphor can be conveyed to the photo-cell
either by lenses or mirrors, or more simply by internal total reflec-
tion in a rod of glass or transparent plastic. In this way the phosphor
can be inserted into confined places or strong magnetic fields, while
the photo-multiplier can be in a more convenient position.

Information on the energies of the particles entering the phosphor
can be obtained from studying the intensity of the light flashes. In
the case of monokinetic alpha particles falling on single crystals of
suitable sulphides, the light flashes were found to be all equal to
within a few percent. In the analysis of gamma ravs by large crystals
of organic phosphors the loss of light in the crystal may be substan-
tial and may vary from point to point; it is not yet known to what
extent this source of error can be reduced.

Ultimately the accuracy of energy measurements will be limited
by purely Statistical factors. The number of light quanta produced



154 O. R. Frisch.

by a particle of given energy is similar to tbe number of ions pro-
duced by the same particle in an ionisation Chamber. However, only
a fraction of these light quanta can be made to strike the photo-
cathode, and of them only a fraction will eject a photo-electron.
Hence the relative Statistical fluctuation of pulse size is bound to
be larger than in an ionisation Chamber. The fluctuations will be
raised by a further sma.ll factor (probably about 2 or less) owing to
the Statistical features of the electron multiplication process. However,

the resulting accuracy may still be good enough to be very
valuable in certain nuclear physics experiments.

Current research on the improvement of the method is concerned
partlv with the development of better multipliers. Unfortunately,
the demands for highlv efficient photo-cathodes and low thermal
Omission are somewhat contradictory; yet it might be possible to
develop a photo-cathode which is very sensitive in the blue or near
ultra-violet, while having sufficiently high work function to make
thermal Omission negligible. To achieve high resolution in coincid-
enco work the multipliers should have enough stages to produce
an Output pulse big enough to be fed to a eoincidence circuit with-
out further amplification.

More immediate progross is to be expected from the improvement
of phosphors both in the direction of brighter pulses and shorter
time constants. The development of uniform and transparent cry-
stals will be important for the measurement of particle energies.
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