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ABSTRACT

Probabilities for the interaction of gamma rays with
Nal scintillation crystals have been calculated for the case
of a point isotropic source situated on the axis of a cylin~
drical crystal. These results can be used in obtaining the
absolute gamma-~-ray detection efficiency of a Nal scintilla-
tion counter by a method which does not require calibrated
radioactive sources. Computations were made for eighteen
commercially available crystal sizes and for a wide range
of gamma-ray energies and source-to-crystal distances.
The results are presented in both tabular and graphical
form.

PROBLEM STATUS

This is the final report on the problem. The problem
was closed 31 December 1955.

AUTHORIZATION

NRL Problem H01-04
Project No. NR 661-040

Manuscript submitted August 27, 1956




CALCULATED EFFICIENCIES OF Nal CRYSTALS

Calculated efficiencies of Nal for gamma-ray interaction can be used for the
measurement of absolute gamma-ray intensities. The method used for applying such

efficiencies together with the estimated accuracy obtainable have been described by N. H.

Lazar et al.l The present calculations were performed for the case of a point isotropic
gamma-ray source situated on the axis of a cylindrical crystal.

Fig. 1 - Source and crystal
arrangement

Consider a cylindrical Nal crystal of radius R and length b, placed on the polar axis
of the coordinate system (r, @, ¢). A source S is placed at the origin, a distance a from
the near face of the crystal (Fig. 1). Let N, denote the number of gammas/sec radiated
by the source,M the crystal density in g/cm3, and o the gamma absorption cross section
in cm?/g. The total number N of interactions in the crystal is

N %2
N=-§9 {l—cos 81--[ singe M o b sec § 44
o
6y

- sin geM o (R csc ¢ - a sec ¢) d@} (1)

where
R - el R
a 92 = tan atb

The crystal efficiency is defined as N/N, . The value 3.667 g/cm3 was used for M.

1Lazar, N. H., Davis, R. C., and Bell, P. R., Nucleonics 14:52 (1956)
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Since the interaction probability calculated for the set of parameters a , b, R, and o
equals that obtained for na, nb, nR, and ¢/n where n is any number, it is possible to
use the calculated results to obtain efficiencies for crystal sizes which were not included
in the calculations. If R/b for the desired crystal size is different from that for any of
the crystal sizes used, efficiencies can be obtained by interpolating between the known
results for two crystals 1 and 2, such that.

R2.

by

Ry

R
—L<—-x<
b, b

Computations were made for all combinations of the parameters listed in Table 1.
Tables 2 through 19 give the results obtained for each of the crystal sizes while Figs. 2
through 19 show these results in graphical form.
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TABLE 1
Parameter Assignments
Ol | pistance, o | y-Ray pnergtes | "G
Diameter l Thickness (e /g)

0.50 0.50 0.00 0.06 6.17
0.75 0.50 0.40 0.08 2.86
0.75 0.75 0.50 0.10 1.57
1.00 0.50 0.75 0.15 0.568
1.25 0.50 1.00 0.20 0.305
1.375 0.50 1.25 0.30 0.1565
1.50 0.50 1.50 0.40 0.111
1.75 0.50 2.00 0.50 0.0901
1.00 1.00 3.00 0.60 0.0789
1.25 1.00 4.00 0.80 0.0657
1.50 1.00 6.00 1.0 0.0577
1.75 1.00 10.00 1.5 0.0465
1.50 1.50 15.00 2.0 0.0412
1.50 2.00 20.00 3.0 0.0367
1.75 2.00 4.0 0.0351
1.50 3.00 5.0 0.0347
3.00 3.00 6.0 0.0347
5.00 4,00 8.0 0.0354

10.0 0.0366

15.0 0.0400

20.0 0.0430

*

National Bureau of Standards, Circular 1003, and private com-
munication from Miss G. White.
been corrected for coherent scattering.

Absorption coefficients have
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Fig. 7 - Calculated efficiencies of Nal crystal 1-3/8 inches diameter and 1/2 inch thick
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Fig. 8 - Calculated efficiencies of Nal crystal 1-1/2 inches diameter and 1/2 inch thick
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Fig. 9 - Calculated efficiencies of Nal crystal 1-3/4 inches diameter and 1/2 inch thick
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Fig. 10 - Calculated efficiencies of Nal crystal 1 inch diameter and 1 inch thick
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Fig. 11 - Calculated efficiencies of Nal crystal 1-1/4 inches diameter and 1 inch thick
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Fig. 13 - Calculated efficiencies of Nal crystal 1-3/4 inches diameter and 1 inch thick
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Fig. 15 - Calculated efficiencies of Nal crystal 1-1/2 inches diameter and 2 inches thick
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Fig. 1) - Calculated efficiencies of Nal crystal 1-3/4 inches diameter and 2 inches thick
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Fig. 17 - Calculated efficiencies of Nal crystal 1-1/2 inches diameter and 3 inches thick
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Fig. 18 - Calculated efficiencies of Nal crystal 3 inches diameter and 3 inches thick
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Fig. 19 - Calculated efficiencies of Nal crystal 5 inches diameter and 4 inches thick
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