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3.3 Intrinsic Energy Resolution of Nal(Tl) Scintillator
by M.Balcerzyk, J.Zalipska, M.Moszynski, W.Mengesha0, J.D.Valentine0, W.Klanm-a2) and M.Kapusta

It is known that an energy resolution of a
scintillation detector is seriously affected by properties
of a scintillator. Their contribution called an intrinsic
resolution is connected with many effects such as
inhomogeneities in the scintillator causing local
variations of the light output, non-uniform reflectivity
of the reflecting covering of the crystal, as well as the
non-proportional response of the scintillator. The non-
proportional light output is particularly important for
the energy resolution of Nal(Tl) crystal. In the case of
large volume crystals, an important contribution of
multi-Compton interaction in the crystal, building up a
full energy peak is expected. In the course of this
work, two Nal(Tl) crystals with dimensions of 1 cm in
diameter and lcm high, and 7.5 cm in diameter and
7.5 cm in height were studied. The light output was
detected by photomultipliers.

In the study, the light output of the crystals,
expressed in the photoelectron numbers, and their
energy resolution for y-rays in the energy range
between 16 keV and 1333 keV were measured. The
intrinsic resolution was compared with that calculated
by Monte Carlo method for both sizes of the crystals
using MCNP4B code [1].

Fig. 1 presents the energy spectrum of 662 keV
y-rays from a 137Cs source measured with the 7.5 x 7.5
cm Nal(Tl). Note an excellent energy resolution of
6.5%, fully comparable to that measured with the
small crystal. Fig. 2 shows the measured and
calculated intrinsic resolutions for both the crystals,
expressed in the standard deviation of the full energy
peaks. The experimental curves for both the crystals
present a common dependence within the error bars.
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Fig. 1 Energy spectrum of 662 keV Y-rays from a "7Cs source
measured with the 7.5 cm x 7.5 cm Nal(Tl) scintillator.
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Fig. 2 Intrinsic energy resolution of NaI(Tl) expressed in the
standard deviation of the full energy peaks.

The calculated curve is based on the model, which
takes into account multiple Compton scattering and
cascade of K, L, and M X-rays of iodine, as well as,
Auger electrons produced in the process of y
absorption by photoeffect [1].

Fig. 2 shows that the calculations reflect the shape
of the experimental curve for energies above 80 keV;
however, the absolute values are about 30-50% lower.
It is probably associated with the fact that the model
considers all the processes in y-rays detection before
creating the secondary electrons. Thus the process of
stopping of electrons in matter has to be also taken
into account. The most probably is scattering of
electrons on valance electrons, similar to that of
Compton scattering for y-rays. It seems to be
confirmed by a lack of a difference between measured
intrinsic resolution for 0 1 x 1 cm and 0 7.5 x 7.5 cm
crystals.

For the low energy region, below 50 keV, there is
a basic discrepancy showing that model used does not
consider a further, important source of signal spread.
The most probably is production of a large number of
8-rays, secondary electrons of few keV energies [2].
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