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ABSTRACT

Penetration factors in multihole
focusing collimators are calculated when
plane sources of gamma rays are used. The
dependence of these factors on the gamma
ray energy is studied and the present theo-
retical results are compared to the availa-
ble experimental data.

INTRODUCTION

The total penetration factor of the multihole colli-

mator is the sum of the penetration through the septa and
the penetration through the corners of the collimator.
Penetration through the septa has been calculated by seve-
ral authors (Beck 1964 and Rotenberg and Johns 1965),
while penetration through the corners has been treated by
Rotenberg and Johns (1965) and El-Sayed et al.(1982). In
the last treatments, several approximations have been

made and the theoretical equations they have reached did

not show the dependence of these factors on the hole radius.
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Recently, El-Kazzaz and Bishara (1988) have derived some
exact expressions for the penetration factors through the
corners of focusing collimators. These expressions are

modifications to the approach used by Rotenberg and Johns
(1965).

The aim of the present work is to calculate the values
of the total penetration factors of multihole focusing colli-~
mators at different gamma energies making use of the exact
expressions for the penetration through corners. Also, to
compare the present calculated values to the available
experimental data for the 9-holes and 16-holes collimators
used by Rotenberg and Johns (1965).

Calculation of the total penetration factors

The total penetration factor,P, for a multihole focusing

collimator is given by (Rotenberg and Johns #965)

P=P + P (1)

where P and P are the penetration factors of the
sep. cor.
gamma rays passing through the septa and through the corners

of the collimators respectively.

‘Penetration through the septa of the multihole colli-
mator is given by (Beck 1964)

Psep. = (EH - B} M/E (23
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where E is the geometrical efficiency of the collimator,

EH is the geometrical efficiency of the large hexagonal
hole which would be formed if all the septum material

were removed or were transparent to gamma rays and M is

the mean probability of septum penetration {or the gamma
rays cmitted from a uniform sheet distribution. Expressions

for E , EH and M are given by Beck (1964),

Penetration through the corners of a focusing colli-

mator, PCor , 1s given by (Rotenberg and Johns 1965)

P =P, +P

cor. f + P

b f Pb (3)

where Pf and Pb are the penetration factors through the

front and back corners of the collimator respectively. For
a collimator of length L and focal length F, the value of

Pcor given by the same authors is

—

P.._ = (2/pL) [2¢( (L/FY/ (LL/FN] + (4/p°LY)  (4)

where p is the linear absorption coefficient of the colli-

mator material at the gamma energy used.

Ei-Sayed et al (1982) have modified expression (4)
by adding some extra terms in their expansion and have

reached the following equation
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P, = (l-exp-2) (2/pL) [2 + ( (L/F)z/ (1 + L/F) )]l +

(4/ulL?y [1-2(exp-2) + (exp-4)] (5)

In the derivation of equations 4 and 5, several approxima-
tions have been made and the equations did not show the

dependence of Pcor on the radius of the collimators hole.

El-Kazzaz and Bishara (1988) have applied a similar
approach like that used by the above authors, but they
abandoned all the approximations used before, thus they
have arrived to the following exact expressions for Pf
and P

b x=2/p
Pe= (/0 D+ e [ [-( 0/ a0 ¢
2 , X=0 |
R“)%)]. (F+x)” . (exp-px).dx (6)
and X=Z/P
Pb = (CZ/C)—l) + (.U/C) j [1-( (L-x)/¢( (L—x)2 +
X X=0
Rz(l— x/L+F)2 ). (exp-px).dx {(7)
where

c= 1 -/ 12+ DY )

]

Ci= [1 - ( (L= 2/p)/C (- 2/p2 + R3)1)] (1 +2/ym)?

(exp -2)
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. . / 2 ? 2.3
C, = {1- C (L~ 2/u) / C (L - 2/p)° + R7(1- 2/p(L4F)) 737

(exp - 2)
R = bigger hole radius

Equation 6 and 7 can be solved numerically by the

computer and the values of Pcor may be obtsined from equa-

tion 3.

RESULTS AND DISCUSSTON

Equations 3,6 and 7 are used to calculate the values

of Pcor. at different gamma energies, for the 9-holes and
16-holes collimators used by Rotenberg and Johns (1965).
These results are shown in figure 1, compared to the
corresponding values obtained by other authors. Scince

the radii of the holes of the two collimators are very
close to each other, there is no appreciable difference in

the values of P for them.
cor.

Adding the values of Pcor. obtained from equations
3, 6 and 7 to the values of Psep. taken from the work
of Rotenberg and Johns (1965), one gets the total penetra-
tion factors for the two multihole collimators. Figure 2 '
showsthe present theoretical calculations compared to the

theoretical and experimental results obtained before. It
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is clear from the figure that the present calculations are
in good agreement with the available experimental data
especially at large gamma ray energies. This good fit gives
an added support to the expressions derived by the present
authors for thr peunetration factors through the corners of

the enllimators.

CONCLUSION
The total penetration factors of multihole focusing

collimators are calculated st the different gamma ray
enetgies emitted from an extended plane gamma soutce.
These calculations take into consideration the exact
expressions, for the penetration through the corner of the
collimators, which have been derived before by the present
authors. The present calculations are in good agreement

with the available experimental data.
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Fig. 1 Values of PCor at different gamma energies.
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Fig. 2 Comparisen of the present theoretical calculations
of the total penetration factors to the available

experimental data.
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