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Peak Efficiency
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P. R. BELL

Oak Ridge National Laboratory

Oak Ridge, Tennessee

SCINTILLATION COUNTERs are ideally
suited for the measurement of absolute
gamma-ray intensities since they have
& well-defined sensitive volume. The
problem is to relate the counting rate
observed to the intensity of gamma
rays. The shapes of the full-energy
peaks are not greatly affected by scat-
tering or by other gamma radiation as
is the lower-energy Compton distribu-
tion. It is therefore practical to relate
the intensity of the incident radiation
to the area under these peaks.

This approach to the measurement
of gamma-ray intensities is very power-
ful since the efficiencies as defined are
independent of variations in resolution
and surrounding scatterers. Thus,
curves of efficiency should prove useful
for many applications.

We define the peak efficiency, €,(E),
of a scintillation spectrometer as the
probability that a gamma ray of energy
E will cause a pulse that will fall in the
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FIG. 1. To colevlate ¢, consider geom-
etry above. If lyis total intensity of y-rays
leaving the source, 1,df2 will be number of
v-rays striking crystal in solid angle dQ;
1odQ(1-~ o775} will be the number de-
tected by crystal (r is total absorption
coefficient for Nal and x is poth length in
crystal, a function of ). Thus, ¢Q =
Saal) — 772} IQ where integral extends
over crystal face
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FIG. 2. Peck efficiency vs energy for Nol crystals

full-energy peak if it strikes the crystal.
Thus, the intensity of gamma radiation
of energy E is related to the area under
the full-energy peak by the peak effi-
ciency and solid angle. We have de-
veloped a method of determining e,
over the range 0.150-2.76 Mev for
13¢- X l-in. and 3- X 3-in. NaI(Tl)
cylinders and a 3- X 3-in. cylinder
with 3¢ in. bevelled off the radius and
height.

Because of the high probability for
multiple collisions in the crystal, it is
difficult to calculate ¢, directly. How-
ever, it is a relatively simple matter to
calculate ¢(E), the total efficiency of
the crystal for a gamma ray of energy
E (see Fig. 1).*

Our approach has been to determine
¢, by a measurement of R, the ratio of
the area under the full-energy peak to
the area under the total spectrum, for
several sources that emit only one or
two gamma rays; then ¢, = Re,.

We measured B at two distances from
each of the crystals. Single gamma
rays could be used from 0.145 Mev
(Ce'st) to 1.114 Mev (Zn%), but at
1.85 and 2.76 Mev only sources that
emitted two gamma rays were avail-
able. The contribution to the total
area from the lower-energy gamma rays
in Y** and Na?* were determined by
fitting a Gaussian shape to the full-

* This has been done for all of our
crystals. Wolicki of the Naval Research
Laboratory has extended these calculations
to include sll standard eylindrical crystals.

energy peaks observed for these radia-
tions and using the value of R that
already had been determined for that
energy. Above 2.76 Mev, gamma rays
from (p,p’), (p,7) and (p,a) reactions
were observed with the 3- X 3-in.
cylinder at 3.57, 4.43 and 7.48 Mev.
The peak-to-total ratio was obtained
from other similar reactions at 2.14 and
1.78 Mev and agreed excellently with
the curve determined from sources.

The curves of ¢, vs. E are shown in
Fig. 2. Note that points fit curves for
the 3- X 3-in. erystals within 59 to
2.76 Mev. Agreement is almost
as good for the smaller crystal.

To reduce scattering, crystals were
suspended in an empty room in which
the nearest walls were >4 ft away.
Bremsstrahlung was reduced by suit-
able choice of sources and the introduc-
tion of & minimum amount of poly-
styrene absorbers to stop the beta rays.

These values of efficiency have been
checked at several energies by a -y
coincidence experiment using sources in
which it is known that essentially all
beta rays are in coincidence with
gamma rays. The values agreed with
the curve obtained by the method
described above, in every case, to
better than 39,

In addition, the intensities of several
gamma rays have been compared to the
disintegration rates measured for cer-
tain isotopes by 4x B-counting tech-
niques and the agreement was always
within 597,
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