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Abstract

The EGS4 Monte Carlo simulation system and the user codes SPRRZ and
BEAM phantom have been used to estimate, for typical photon radiotherapy pho-
ton beams, the effects of phantom size, radial position and depth in phantom on the
calculated Spencer-Attix water to air stopping-power ratio (SPR). This stopping-
power ratio is the major determinant of the variation with beam quality in an ion
chamber’s absorbed dose to water calibration factor. Beam qualities ranging from
Co to 24 MV have been investigated. Results show that for a 100 cm? circular
beam incident on the front surface from a point source at an SSD of 100 cm: the
central axis stopping-power ratio varies by less than 0.1% for phantoms with areas
between 100 cm? and 3600 cm?; the stopping-power ratio varies with radial position
only slightly more than this, with the largest effects near the edge of the smallest
phantom; and for all beams the difference in stopping-power ratio between depths
of 5 and 10 cm is less than 0.05% although the stopping-power ratio near the surface
is up to 1.3% higher. The small size of the variation in stopping-power ratio as a
function of radial position in the field and of phantom size implies that the stopping-
power ratio also has a negligible variation for changes in field size around 100 cm?,
certainly less than 0.1% going from 100 cm? on the surface to 100 cm? at the depth
of measurement. Finally the variation in the dose as a function of phantom size is
shown to be up to 1.2% at a depth of 5 cm or 3.5% at 15 cm depth. These latter
results suggest that field size specification may be phantom size dependent.
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1 Introduction

When doing absorbed dose calibrations of ion chambers, or for purposes of dosimetry
protocols, it is useful to know the expected variation in the calibration factor as pa-
rameters related to the phantom are varied. In standard notation[1], the calibration
factor is given by:

Ny = _ e (V™ 5 p (Gy/C] (1)
Dw — MPion — My P wall< repl y
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—\ water

The value of <L> ~ varies by over 5% with photon beam quality whereas the
other factors are either constant or much less dependent on beam quality (typically
1% variations or less, and much of the variation in Py, is via variation in stopping-
power ratios). Thus the variation in stopping-power ratio (SPR) likely dominates the

variation in the calibration factor Npy,. This report primarily studies this variation

—\ water
in <L) )
P /) air

If stopping-power ratios vary dramatically with phantom size, then calibration
procedures and dosimetry protocols would have to take this into account with care.
Fortunately, for the 100 cm? beams studied in detail in this document, a variation
of <0.1% is found in all cases and thus phantom size does not affect the calibration
factor.

A second possibility is that the stopping-power ratio varies strongly as a function
of radial position in the beam. In this case, issues concerning chamber size might
become important. Again, this variation is shown to be negligible (<0.1%).

A related concern is that the stopping-power ratio might vary with the beam
area on the surface (or depend on whether the beam size is specified at the surface or
at the depth of measurement). We have not done calculations on this specific point
because the lack of variation with phantom size and with radial position implies a
similarly small variation with beam size (this is a form of the reciprocity theorem[2]).

Another issue concerns the depth of calibration. If the stopping-power ratio
varies strongly with depth, then the depth of calibration and use must be controlled.
Fortunately, again the variation in the central axis stopping-power ratio with depth
is shown to be negligible, <0.05% variation between 5 and 10 cm depth. However, as
reported previously (see ref[3] and references therein), there is a substantial increase
in the stopping-power ratio close to the surface in the region of non-equilibrium,
reaching a maximum of 1.3% in a 24 MV beam.
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Finally, a related but conceptually different issue has been addressed. The dose
(as opposed to stopping-power ratios discussed above) at each point in a phantom
depends on the size of the phantom to a certain extent. This would play a role in
clinical practice where reference dosimetry is done in a small phantom but applied
in a large phantom (patient) or in a standards laboratory if different sized phantoms
were used in the process of establishing an absorbed dose standard. To the extent
the variations with phantom size are different at different depths, these calculations
could show the extent to which beam quality specification depends on phantom size.
Unfortunately, the calculations have not been optimized to study this aspect of the
problem, but the current data indicates the issue is worth pursuing further.

The remainder of this report consists of a brief description of the calculations
done followed by a graphical presentation of the data with little analysis past that
given above. Nor have the results been compared to other values in the literature
since no attempt at a thorough review has been made.

1.1 Method of Calculation

Calculations of stopping-power ratios are done with the NRCC user code SPRRZ
which has been described briefly and used in several publications|3, 4, 5]. All calcu-
lations use the ICRU Report 37 stopping powers|[6] as implemented in EGS4[7]. The
value of A for the stopping-power ratios is 10 keV in all cases. This code has cylin-
drical symmetry and incident beams are from a point source, 100 cm away from the
phantom surface in a vacuum. The incident circular beams have an area of 100 cm?.
The spectra of the incident beams are from Rogers et al. for the ®°Co beam[8] and
from Mohan et al. for the accelerator spectral9]. Calculations with these spectra
and this code have been carefully benchmarked against other calculations (see ref

3, 4]).

The dose calculations in phantom have been done using the BEAM code[10]
since, for central axis depth dose curves it has a range rejection algorithm which is
more efficient than that in the standard user code DOSRZ.
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1.2 Description of Phantoms

For the smallest phantom examined, the radius is 5.642 cm (100 cm?) and its depth
is 20 cm. The schematic in Figure 1 shows the phantom with the scoring regions

for the simulation.
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Figure 1: 10%cm? phantom
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For the 400 cm? phantom, the radius is 11.284 cm and the depth is 20 cm. It’s
dimensions are included in Figure 2.

For the 900 cm? phantom the radius is 16.926 cm and its depth is 30 cm. It’s
dimensions are included in Figure 2.

For the 3600 cm? phantom the radius is 33.851 cm and its depth is 60 cm. It’s
dimensions are included in Figure 2.
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2 SPR vs Phantom Radius

The following graphs show how the SPR varies with the overall size of the phantom
at depths of 5 cm, 7 cm, 10 cm, and 15 cm for different radiation point sources
100 cm from the phantom front. The beam area is 100 cm? in all cases. The SPR
data used for these graphs is from the inner most scoring region (1 c¢m radius) at
each of the specified depths. Each SPR data point has a statistical uncertainty of
no more than 0.02%, and often much better. The major conclusion is that there is
no systematic effect at the 0.1% level.

SPR vs Phantom Radius

% Co Radiation Source
113410 r v v v v v e e

1.13405 -
r ® @5 cm depth

0.004% -7 cm depth

- 10 cm depth
1.13400 /5 — -\ 15 cm depth

1.13395 - e

13390 - s

SPR

1.13385 - e

o x

1.13380 F

113375 F

113370 L ' | ' | ' | ' | ' | ' | ' | '
00 50 100 150 200 250 300 350 40.0
Phantom Radius (cm)

Figure 3: SPR vs phantom radius for %°Co source
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Figure 7: SPR vs phantom radius for 15 MV Mohan source
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3 SPR vs Radial Position at Fixed Depths

The following graphs illustrate how the SPR varies in the radial direction for depths
of 5 cm, 7 cm, 10 cm, and 15 cm. The plots are made out to a radial distance
of 5.6 cm which is the radius of the incident beam in all cases. Each plot is for a
specified depth and radiation source.

3.1 %Co Source
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Figure 9: SPR vs radial position at 5 cm depth
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SPR vs radial position at 7cm Depth
Radiation Source: “Co
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Figure 10: SPR vs radial position at 7 cm depth
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SPR vs radial position at 10cm Depth
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Figure 11: SPR vs radial position at 10 cm depth
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SPR vs radial position at 15cm Depth
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Figure 12: SPR vs radial position at 15 cm depth
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3.2 4 MV Source

SPR vs radial position at 5cm Depth

Radiation Source: 4 MV Mohan
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SPR vs radial position at 10cm Depth
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Figure 15: SPR vs radial position at 10 cm depth
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SPR vs radial position at 15cm Depth
Radiation Source: 4 MV Mohan
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Figure 16: SPR vs radial position at 15 cm depth
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3.3 6 MV Source
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SPR vs radial position at 7cm Depth
Radiation Source: 6 MV Mohan
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Figure 18: SPR vs radial position at 7 cm depth
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SPR vs radial position at 10cm Depth
Radiation Source: 6 MV Mohan
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Figure 19: SPR vs radial position at 10 cm depth
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SPR vs radial position at 15cm Depth
Radiation Source: 6 MV Mohan
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Figure 20: SPR vs radial position at 15 cm depth
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3.4 10 MV Source

SPR vs radial position at 5cm Depth
Radiation Source: 10 MV Mohan
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Figure 21: SPR vs radial position at 5 cm depth
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SPR vs radial position at 10cm Depth
Radiation Source: 10 MV Mohan
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Figure 23: SPR vs radial position at 10 cm depth
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SPR vs radial position at 15cm Depth
Radiation Source: 10 MV Mohan
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3.5 15 MV Source
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SPR vs radial position at 5cm Depth
Radiation Source: 15 MV Mohan
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Figure 25: SPR vs radial position at 5 cm depth
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SPR vs radial position at 7cm Depth
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Figure 26: SPR vs radial position at 7 cm depth
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SPR vs radial position at 10cm Depth
Radiation Source: 15 MV Mohan
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Figure 27: SPR vs radial position at 10 cm depth
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SPR vs radial position at 15cm Depth
Radiation Source: 15 MV Mohan
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Figure 28: SPR vs radial position at 15 cm depth
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3.6 24 MYV Source
SPR vs radial position at 5cm Depth
Radiation Source: 24 MV Mohan
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Figure 29: SPR vs radial position at 5 cm depth
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Figure 30: SPR vs radial position at 7 cm depth
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SPR vs radial position at 10cm Depth
Radiation Source: 24 MV Mohan
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Figure 31: SPR vs radial position at 10 cm depth
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Figure 32: SPR vs radial position at 15 cm depth
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4 SPR vs Depth

The following graphs show how the SPR varies with the depth in the phantom. The
SPR data used for these graphs is from the inner most scoring region at each of the
specified depths (ie. on the central axis). Each SPR data point has a statistical
uncertainty of 0.02% or less.

SPR vs Depth
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Figure 33: SPR vs depth for ®*Co source
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Figure 34: SPR vs depth for 4 MV Mohan source
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Figure 35: SPR vs depth for 6 MV Mohan source



40

SPR

115
114
113
112
11
110
.109
.108
107
.106

.105

Booth and Rogers

SPR vs Depth
for 10 MV Mohan Radiation Source

¥ i ¥ I U ] L I ' L} !
@ @ Phantom Size: 10°cm’
= Phantom Size: 20°cm’
Phantom Size: 30°cm’
/s — -/ Phantom Size: 60°cm’
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Depth (cm)

Figure 36: SPR vs depth for 10 MV Mohan source
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SPR vs Depth
for 15 MV Radiation Source

page 41
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Figure 37: SPR vs depth for 15 MV Mohan source
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Figure 38: SPR vs depth for 24 MV Mohan source
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5 Dose vs Phantom Radius

The following graphs show how the dose varies with the overall size of the phantom
at depths of 5 cm, 7 cm, 10 cm, and 15 cm for different radiation point sources
100 cm from the phantom front. The beam area is 100 cm? in all cases. The dose
data used for these graphs is from the inner most scoring region (1 c¢m radius) at
each of the specified depths. The data has been normalized to the first data point
in each series to emphasize the variation in the dose for each depth examined. The
error bars indicate the uncertainty in the calculation. Typically the uncertainty is

0.1% or 0.2%.
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Figure 39: Dose vs phantom radius for %°Co source
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Figure 40: Dose vs phantom radius for 4 MV Mohan source
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Figure 41: Dose vs phantom radius for 6 MV Mohan source
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Figure 42: Dose vs phantom radius for 10 MV Mohan source
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Dose vs Phantom Radius
for 15 MV Radiation Source
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Figure 43: Dose vs phantom radius for 15 MV Mohan source
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Figure 44: Dose vs phantom radius for 24 MV Mohan source
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