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Abstract

In the International Code of Practice IAEA TRS-381 the stopping power ratios water/air are selected
according to the half-value depth and the depth of measurement. In the German Standard DIN 6800-2 a different
procedure is recommended, which, in addition, takes the practical electron range into account; the stopping
power data for monoenergetic beams from IAEA TRS-381 are used. Both procedures are compared with recent
Monte Carlo calculations carried out for various beams of clinical accelerators. It is found that the DIN
procedure shows a slightly better agreement. In addition, the stopping power ratios in IAEA TRS-381 are
compared with those in DIN 6800-2 for the reference conditions of the beams from the PTB linac; the maximum
deviation is not larger than 0.6%.

1. Introduction

Stopping power ratios water/air for clinical electron beams (for instance in the IAEA
International Code of Practice TRS-381 [1]) are usually selected according to the parameters
of half-value depth and depth of measurement, from ratios which have been calculated for
monoenergetic beams.

An experimental investigation by Johansson and Svensson [2] of the energy dependence
of response of plane parallel chambers at different types of accelerators shows that the
stopping power ratios may vary by a few percent, depending on the accelerator type and the
beam-defining system, if only the two parameters mentioned are used. The investigations
show, however, that this selection may be improved if the practical range is taken into account
in addition.

In IAEA TRS-277 [3] this has been accomplished by scaling the depth with the
measured practical range and the calculated range for monoenergetic electrons. Since the
results are not convincing, this procedure is no longer recommended in IAEA TRS-381 [1].
The German Standard DIN 6800-2 [4] recommends a different procedure, the "virtual initial
energy method" [5]. It takes the energy and angular spread of the clinical electron beam into
account in approximation by using a higher "virtual energy" of monoenergetic electrons which
— after traversing an additional water layer — yield the same mean energy and the same
practical range as measured for the actual beam at the phantom surface. This allows the
stopping power ratios for monoenergetic electrons to be used (they are taken from IAEA TRS-
381 [1]), which are calculated from the half-value depth, the practical range and the depth of
measurement. It is obvious that this is a crude approximation, simulating the energy loss
straggling, the generation of bremsstrahlung, etc. of a complex treatment-head by the
respective degradation caused by a water layer. It allows, however, the incident beam to be
characterized in addition by its practical range on the basis of a well-defined physical model,
and it enables, nevertheless, to use the data for monoenergetic beams.
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2. Results and discussion

2.1. Selection procedures

The accuracy of the selection procedures could best be checked if results from a variety
of different accelerator types were available. Experimental data are, however, scarce. But
recent work by Ding et al. [6] also allows the procedures to be checked. Ding et al. have
numerically simulated clinical accelerators, including their beam defining systems, by means
of the Monte Carlo Method. In addition, they have simulated the beam degradation within the
water phantom and they have calculated the resulting depth dose distributions and the
corresponding stopping power ratios water/air, with and without the influence of the electrons
liberated by the contaminating photons from the treatment head.

Starting from the calculated depth dose distributions, the virtual initial energy method of
DIN 6800-2 and the commonly used selection according to the half-value depth and the depth
of measurement (as included in IAEA TRS-277 [3] and IAEA TRS-381 [1]) have been
applied to all accelerators and beams investigated in [6]. The practical ranges and the half-
value depths have been determined, and from the latter the mean energies at the phantom
surface have been calculated. For the energy-range relationship the data of IAEA TRS-277
(Table IV) have been used, which form the basic of both, DIN 6800-2 and IAEA TRS-381.
The values obtained serve as input parameters for the selection of stopping power ratios.

The accuracy of the selection does not essentially depend on the data set of stopping
power ratios used, i.e., it does not matter whether the new set of IAEA TRS-381 is used or the
set of IAEA TRS-277. Since the results given in the paper by Ding et al. [6] have been
obtained using the same set of stopping power ratios as included in IAEA TRS-277, these data
have also been chosen to check of the selection procedures in order to make a consistent
comparison possible.

Figures 1-5 show the results for different beams of various accelerators.

The stopping power ratios calculated by Ding et al. [6] ("MC"), with the influence by
contaminating photons ("electrons and photons") and without this influence ("electrons
only"), divided by the stopping power ratio according to the virtual initial energy method
("DIN"), have been plotted as a function of depth. The respective quotients for the stopping
power ratios according to TRS-381 ("IAEA") have also been included. It turns out that the
virtual initial energy method usually makes a slight improvement in the selection of stopping
power ratios in comparison with the method commonly used. This does not, however, hold for
the narrow spectral distributions of the microtron beams, which are, however, not very
common in clinical practice.

The virtual initial energy method takes contaminating photons from the treatment head
into account only to a minor extent because, in the "additional water layer", far less
bremsstrahlung causing low energy electrons in the phantom, is produced than in a real
treatment head. Correction for this influence should therefore in principal further improve the
DIN results. Figures 1-5 show that this correction should amount to about 0.5% at most in the
vicinity of the depth of maximum dose rate. The agreement between the DIN results and the
Monte Carlo results is, however, not in all cases improved if this correction by a few tenths of
a percent is applied to the DIN results. It must be borne in mind that, for instance, the
uncertainties of the fit, included in the DIN Standard to facilitate the application of the virtual
initial energy method, are in many cases comparable to the magnitude of the correction. In
beams containing a large component of contaminating photons, however, the results may be
essentially improved by the respective correction.
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FIG. I. Stopping power ratios water/air determined by Ding et al. [6] (^w a ) M C , with and without the influence

of contaminating photons ("electrons and photons" and "electrons only" respectively), divided by the stopping

power ratio Swa according to IAEA TRS-38I and DIN recommendations as a function of depth z for different

beams of a SL75 accelerator.
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FIG.2. Stopping power ratios water/air determined by Ding et al. [6] (sw a ) M C , with and without the influence

of contaminating photons ("electrons and photons" and "electrons only" respectively), divided by the stopping

power ratio 5 w a according to IAEA TRS-381 and DIN recommendations as a function of depth z for different

beams of a KD2 accelerator.
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FIG.3. Stopping power ratios water/air determined by Ding et al. [6] ( s w a ) M C , with and without the influence

of contaminating photons ("electrons and photons" and "electrons only" respectively), divided by the stopping

power ratio 5 w a according to IAEA TRS-381 and DIN recommendations as a function of depth zfor different

beams of a Clinac 20 accelerator.

39



1.02

electrons and photons / DIN
electrons only/DIN

—*— electrons and photons / IAEA
— A — electrons only / IAEA

0.98

z/cm

1.02

1.01

1.00'

Therac 20/20

0.99-

0.98-

•— electrons and photons / DIN
o—electrons only / DIN
*—electrons and photons / IAEA
^— electrons only / IAEA

FIG. 4. Stopping power ratios water/air determined by Ding et al. [6] (sw a ) M C , with and without the influence

of contaminating photons ("electrons and photons" and "electrons only" respectively), divided by the stopping

power ratio Swa according to IAEA TRS-381 and DIN recommendations as a function of depth z for different

beams of a Therac 20 accelerator.
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FIG. 5. Stopping power ratios water/air determined by Ding et al. [6] (sw a ) M C , with and without the influence

of contaminating photons ("electrons and photons" and "electrons only" respectively), divided by the stopping

power ratio 5 w a according to IAEA TRS-381 and DIN recommendations as a function of depth z for different

beams of a Racetrack MM50 accelerator.
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2.2. Influence of the energy-range relationship

The IAEA Code of Practice TRS-381 and the Standard DIN 6800-2 recommend the use
of the energy-range relationships to determine the mean energy at the phantom surface from
half-value depths of absorbed dose and ionization distributions, which have already been
included in NACP (1980) and in IAEA TRS-277 (Table IV).

In TRS-381, the table is replaced by formulae fitted to the data (second-order
polynomials) for the whole range of energies from 1 MeV up to 50 MeV. In DIN 6800-2, the
table is reproduced, and fitted formulae (second-order polynomials) for a restricted energy
range from 3 MeV up to 35 MeV are recommended in addition.

Depth-ionization and absorbed dose distributions have been determined for the beams of
the PTB SL 75-20 linac and the different formulae have been applied. Figure 6 (upper part)
shows the deviation of the resulting energies from the "original results" according to IAEA
TRS-277. The results based on the formulae of IAEA TRS-381 deviate by less than 3% and
those based on the formulae of DIN 6800-2 deviate by not more than 1% from the original
results.

Figure 6 (middle part) shows the resulting deviations of the stopping power ratios at the
reference depths if the stopping power ratios are selected according to IAEA TRS-381 using
these different energy values. The dose deviations caused by the deviations of the fitted
formulae from the original data are within about 0.2% for the IAEA TRS-381 polynomials
and within 0.1% for the DIN polynomials.

Figure 6 (lower part) shows that the resulting stopping power ratios according to DIN
(virtual initial energy method, DIN polynomial) differ by less than 0.6% from the results
according to IAEA TRS-381. The deviation caused by the different selection procedures
amounts to 0.8% at most. It is, however, decreased by about 0.2% due to the deviating
polynomials used to determine the mean energies.

3. Conclusions

The selection of stopping power ratios according to DIN 6800-2 [4], also taking account
of the practical range, constitutes a slight improvement compared with the IAEA TRS-381 [1]
procedure if the Monte Carlo results obtained by Ding et al. [6] are used as a reference.

In order to draw definite conclusions, experimental results (obtained using, for example,
Fricke dosimeters) from different clinical accelerators would be extremely valuable. The most
comprehensive set of data is still that obtained by Johansson and Svensson in investigations of
the energy-dependence of the response of plane parallel chambers at different types of clinical
accelerators [2]. Since that time, however, various new accelerator types have been put on the
market.
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FIG. 6. UPPER PART: Mean energies Eo at the phantom surface using the fit formulae to the IAEA TRS-277

data for half-value depths from depth ionization R50 and depth absorbed dose R5Q distributions as

recommended in IAEA TRS-381 and in DIN 6800-2, divided by the energies according to the original data of

TRS-277 for the beams of an SL 75-20 linac. MIDDLE PART: Resulting deviations of the stopping power ratios

5 w a at the reference depths, if the stopping power ratios are selected from IAEA TRS-381 using the different

energy values from Figure 2. The deviations are •within about 0.2% for the IAEA TRS-381 polynomials and

within 0.1% for the DIN polynomials LOWER PART: Stopping power ratios 5 w a according to DIN 6800-2

(virtual initial energy method, DIN polynomial) divided by the corresponding ratios of IAEA TRS-381 at the
reference depths for the beams of an SL 75-20 linac.
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