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12.5 Radiation Physics 

Summary: The past year has been devoted entirely to the evaluation of 
lineal energy spectra measured in the d(16) and p(66) fast 
neutron beams generated at Pretoria and Faure. An inter-
comparison study revealed good agreement with microdosimetric 
parameters determined at similar centres. The proportional 
counter measurements were further exploited to evaluate the 
photon fraction in the mixed n/y radiation fields. A 
microdosimetric assessment of beam quality was of particular 
value in determining the optimum thickness of a beam-hardening 
filter for the p(66) therapy beam. 

12.5.1 Lineal energy spectra and data acquisition 

P J Binns 

The measurement of single-event spectra in the d(16)+Be beam has 
previously been reported {1}. Preliminary evaluation of the principal 
microdosimetric parameters yielded values that differed by 10-15Z from 
those determined at similar high-LET centres. Subsequent to these 
initial measurements, several improvements have been incorporated to 
allow measurements in the lower lineal energy range, facilitating more 
exact data collection. The use of propane instead of methane-based TE 
gas proved the most significant improvement by enhancing the signal-to-
noise ratio. This enabled a more reliable evaluation of the photon 
component in the mixed radiation field. Pulse-height data covering 
three lineal energy ranges is now accumulated simultaneously and the raw 
data binned into 40 logarithmic intervals per decade instead of the 20 
intervals used previously. 

12.5.2 Microdosimetric re-evaluation of d(16)+Be beam 

P J Binns, G W Meyer and J H Hough 

Having implemented the above improvements, central axis measurements in 
the d(16)+Be beam were repeated with two objectives in mind: to 
re-assess the microdosimetric parameters for intercomparison purposes 
and to evaluate the in-phantom photon component. Measured values for 
the dose-average lineal energy corrected for saturation (y*) are 
summarized in table 3 together with data obtained at other centres 
employing the d+Be reaction. The relevance of y* for intercomparison 
studies has been discussed by Menzel {2}. The tabulated data suggests 
that variations in y* are more marked for deuteron energies <15 MeV than 
that observed above 15 MeV. It should be noted that as regards the d+Be 
reaction, increasing neutron energy does not yield smaller y* values. 

The photon components evaluated from normalized lineal energy spectra 
are juxtaposed in table 4 with values obtained using the paired chamber 
technique. For the latter measurements the estimated experimental error 
is 5% whilst an overall error of 13%, as stated by Waker {3}, is 
indicated for the microdosimetric data. 
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Table 3 Intercomparison of y* values determined at centres utilizing 
the d+Be reaction (thick target). Field size 10 x 10 cm 

Depth 
(cm) 

y* (keV urn-1) 
Depth 
(cm) d(14) a d(15) b d(16) c 

5 
10 
15 
20 

24.7 
23.6 
24.0 
23.2 

31.6 
30.3 
28.7 
27.3 

33.1 
32.2 
31.0 
29.8 

Free in air - 30.9 32.6 

a Ref {4} 
b Ref {2} 
c NAC (Pretoria) 

Table 4 Evaluation of in-phantom photon component in a d(16)+Be 
neutron beam (10 x 10 cm). Estimated errors in brackets 

Gamma . Fraction (%) 
Central axis 
Depth (cm) Paired chamber* Microdosimetry 

2 4.0 (0.2) 4.0 (0.5) 
5 5.1 (0.3) 5.3 (0.7) 
10 7.4 (0.4) 7.3 (1.0) 
15 10.1 (0.5) 9.5 (1.3) 
20 13.2 (0.7) 13.0 (1.7) 

* These values differ slightly from those recently 
reported {1}. Variations can be ascribed to the 
different Be targets used. 

12.5.3 Intercomparison of d(16) and p(66) therapy beams 

P J Binns and J H Hough 

An intercomparison study of the d(16)+Be beam at Pretoria and the 
p(66)+Be beam at Faure has recently been completed {5}. Figures 2 and 3 
respectively show probability distributions measured at both facilities, 
on central axis and 15 cm off-axis. A shift of the fast proton peak to 
lower lineal energies with increasing neutron energy is apparent in both 
figures* In-beam data was obtained at depths ranging from 2 cm to 20 cm 
and for square field sizes varying between 5 x 5 cm and 20 x 20 cm. 
From an analysis of the pooled data an average value and standard 
deviation was calculated for each microdoslmetrlc parameter. Values for 
the p(66) beam are summarized in table 5. For the d(16) beam, average 
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Fig. 2 Probabil i ty d i s t r i bu t i ons determined in-phantom, on cen t ra l 
axis for a 10 x 10 cm f i e ld . The p(66) and d(16) spectra were 
measured at 10 cm and 5 cm depth respec t ive ly . 
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Fig. 3 Lineal energy distributions measured 15 cm off central axis. 
Radiation conditions as in Fig. 2. 
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values of 5.53, 65.6 and 31.3 keV urn" were respectively calculated for 
?F> YD a n (* y*« A similar pattern emerges from the variation 
analysis. By dividing the entire lineal energy range into sub-sections, 
the dose contributions to diferent y intervals can be quantified as a 
function of depth and lateral displacement. Figure 4 shows the 
variation of the different y intervals with depth whilst the 
corresponding profile analysis is illustrated in figure 5. 

Table 5 Average in-beam values for yp, yn and y* for the p(66) beam 
for varying depth and field sizes 

Av. value C.O.V. Max. Value Min. Value 
(keV um - 1) (Z) (keV >un) (keV urn-1) 

5.56 5.8 6.07 4.88 
73.5 2.2 74.8 70.4 
24.3 3.2 25.9 23.1 

For the present intercomparison study, the statistical uncertainty 
associated with a single measurement is more pertinent than systematic 
errors such as calibration uncertainties. Experience of repeated in-air 
measurements in the Pretoria beam over a period of some months realized 
standard deviations better than 6%, 2% and 1% respectively for yp, 
yn and y*. In table 6 the characteristics of the p(66) beam are 
compared with those of the p(65) beam at Louvain-la-Neuve {6}. 
Allowing for the stated overall uncertainties, the results for ýn and 
y* are seen to be consistent. The difference in the yp parameters is 
probably accentuated by the termination of the p(66) spectra at 
0.3 keV um~ , below which point no data was collected. Values calculated 
for the different y intervals are, however, in excellent agreement. 

Table 6 Microdosimetric parameters and absorbed dose fractions on 
central axis (10 x 10 cm field at 5 cm depth). 

Louvain-la-Neuve NAC (Faure) 

3.64 5.93 

77.6 74.5 
24.0 24.9 

y F 

y* 

y* 

y < 20 0.577 0.572 
20 < y < 150 0.282 0.285 

y > 150 0.141 0.143 
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4 Depth dose curves for the total dose Dj together with curves 
for three y intervals representing different radiation compo
nents: recoil protons Dp, heavy particles Dc tN fo a n <* gamma 
rays Dy. For the p(66) beam, o-particles are included with 
the heavy recoils. For the d(16) beam, the selected intervals 
are y<4, 4<y<l40 and y>140 keV \im -1 For the p(66) beam the 
lower intervals are y<2 and 2<y<140 keV \m - 1 
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5 Dose profiles for the total dose Dx and the various radiation 
components. The radiation conditions are as in fig. 2. 
(y-interval8 as in fig. 4.) 
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In an intercomparison of two therapy facilities with different neutron 
energies {7}, the applicability of y* as a monoparameter of beam quality 
was demonstrated. Considering the extended energy range of the NAC 
intercomparison, it was of some interest to determine a ratio of y* 
values and correlate this with biological findings. A series of 
radiobiology assays was recently performed by irradiating V79 cells 
under conditions of maximum build-up. Using D 0 values, an average RBE 
ratio for the two different beams was determined to be 1.31 ± 0.24. A 
prediction based on the ratio of the average y* values yielded 1.29 ± 
0.06. 

12.5.4 Radiation quality and beam filtration 

P J Binns and J H Hough 

A radiobiological study of the effect of a hydrogenous filter on the 
quality of a p(43)+Be beam has revealed a variation in beam quality at 
different depths within a phantom {8}. More recent measurements at the 
Clatterbridge neuton therapy facility {9,10} have, however, yielded 
results that are not entirely compatible. Before embarking on similar 
radiobiological assays in the Faure therapy beam, microdosimetric 
measurements were performed to quantify the degree of quality change 
with filtration. 

Track lengths of 2 urn were simulated in unit density tissue and lineal 
energy spectra determined at 2.5 cm depth with different thicknesses of 
polythene positioned at the throat of the collimator. The results of 
this investigation are depicted in figure 6, together with radiobio
logical data (to be discussed in section 12.5.3). The value of y* 
determined at 15 cm depth with and without filtration concurred with 
that evaluated at 2.5 cm depth using a 5 cm thick filter. The variation 
observed in figure 6 was supported by the radiobiological assay and 
demonstrates the value of microdosimetric measurements in the assessment 
of beam quality. 

12.5.5 In-phantom photon component for the p(66) beam 

P J Binns and J H Hough 

To reduce possible discrepancies in both the intercomparison and 
filtration studies, the measured lineal energy distributions were 
respectively terminated at 0.3 and 1 keV \im~ before calculating the 
various microdosimetric parameters. An additional series of more 
exacting measurements was performed to determine the photon fraction at 
different depths within a water phantom. 

The results are shown in figure 7 together with values determined by 
means of the paired-chamber technique using a Geiger-Ntiller detector 
from Louvain-la-Neuve {11}. For intercomparison purposes the photon 
fractions measured at Louvain-la-Neuve are also shown. All the data 
depicted in figure 7 was acquired with beam-hardening filters in the 
beam: 2 cm polythene at Louvain-la-Neuve and 2.5 cm at Faure. 

In conclusion, the presented microdosimetric data reflects physical beam 
characteristics very similar to those observed in the p(65)+Be therapy 
beam at Louvain-la-Neuve. 
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Microdosimetric evaluation of the effect of a hydrogenous 
filter (polythene) on the in-phantom characteristics of the 
p(66)+Be therapy beam. The y* values were determined for the 
total dose. Also shown is the measured "neutron RBE" as a 
function of filtration. The data points represent dose 
modifying ratios calculated at the 40% survival level. 
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Photon dose fractions determined from lineal energy spectra 
measured at different depths in a 60 x 60 x 60 cm water 
phantom for a 10 x 10 cm field. The open triangles represent 
values determined by means of the paired chamber technique. 
Gamma fractions measured at Louvain-la-Neuve are also shown. 
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