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Dose Distribution for High-Energy Electrons
by

Hideo Matsuzawa, Katsuhiro Kawashima and Takeshi Hiraoka
Physics Division, National Institute of Radiological

Sciences, Chiba, Japan

High-energy electron beams are being increasingly applied to radiotherapy, because they produce
the unique and advantageous dose distribution within the patient. However, the dose distribution
for electrons is more dependent on more apparatus factors than is the case for X- or gamma-rays. The
present paper describes the effects of scattering foil and collimator on dese distribution within water.

Isodose curves for 12 to 29 MeV electrons were measured with a small ionization chamber for different
scattering foils and collimators. The intercomparison of these curves leads to the following results. 1)
Effect of scattering foil. Either of aluminum, copper and lead foils is almost equally valid to make the
dose distribution more uniform over a plane normal to the beam axis. At a depth on the beam axis,
however, both the percentage depth dose and the beam intensity are considerably reduced with added
foils. By taking account of these facts, standard foils are chosen to simplify the practical electron therapy.
2) Effect of collimator. As regards the efficiency in making the dose distribution more uniform over
a plane normal to the beam axis, low atomic number material is superior to high atomic number one.
This is almost independent of collimator length. In the direction of the beam axis, the percentage depth

dose is raised with use of a long collimator made of high atomic number material.
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Fig, 1. Experimental arrangement for measuring the electron beam width in
air. The distance between P and the scattering foil is 60 cm
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Fig. 2. Relative beam intensity in air in the di-
rection perpendicular to the beam axis at
G0cm from the scattering foil, for 29 Mev
clectrons, Curves A, B and C were obtained
with use of scattering foils of 1.5mm Cu,
lmm Cu and 0.5 mm Cu, respectively.
Curve D: without scattering foil. W 9094
or W952 is the width corresponding to
90 or 95 per cent of the axial intensity.

300 T I e

x A 29MevV ELECTRONS /'/
g‘ e - -{log
S 1 /0’/vr b
=
E :zoo—‘% W, ,;/ —a

— =
. - '
= /.‘ =
g M /Q; W ks
S Aa5% =
= 1 =}
= e o =
- |00—-{-i‘ _ / —{4 =
I opy 3
m [ -2

&
3
-Al-"ﬂ...____, . ___E__.__ )
o I e o
o 0.5 | 1.5

THICKNESS OF SCATTERING FOIL, mmCu

Fig. 3. Axial intensity and beam width in air
for 29 MeV electrons vs. scattering [oil
thickness, at 60cm from scattering foil.
Dashed curve gives the axial intensity.
Solid curves give the width corresponding
to 90 and 95 per cent of the axial intens-
ity.
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Fig. 4. Isodose curves in water obtained with 12 MeV and 29 MeV electrons for 10x10cm field.
The distance between the scattering foil and water phantom is 60cm. Dashed curves: with
no scatteringfoil. Solid curves: with use of scattering foils of 0.1 ramPb-+0.5 mmAl at 12
MeV and 0.5mmPb+4 0.5mmAl at 29 MeV
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Table 1. Standard scattering foils for
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practical use

Fig. 5. Central axis percentage depth dose for 12

Electron Scattering foil (mm) i MeV and 29 MeV electrons, for 10 x 10
energy | - ' cm field.
(MeV) Laad | A E Dashed curves: with no scattering foil.
19 0.1 | 0.5 | Solid curves: obtained with use of the
; standard foils (see Table 1). Dotted curve:
18 0.1 : 0.5 obtained with use of Imm copper foil at
: 20 Mev.
24 0.3 | 05 e
) | DFT_ToERIIBWTHE—~TH 2.
i 0.5 | 0.5 scattering foil M7\ 354, JESFEF10X 10cm e
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Fig. 6. Schematic diagram of the collimation system for 6% 6cm field. The distance between the
scattering foil and the phantom is 60cm (fixed). The collimator length is defined as below:
if only Lu 13cm collimator is used, the length is 13cm; if both Lu 13cm and Lu 15cm

ones are used, the length is 28cm; and so on.
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Fig. 8. Isodose curves within water for 12 MeV and 29 MeV electrons, for 63 6cm field. Curves
are given for lead collimators of 3cm (A)and 28cm (B) length.
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Fig. 9b. Central axis percentage depth dose in water for 6x6cm field and for 29Mev-.
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curves) and 28 cm lead collimator (dashed
curves).
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