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An expedient calculation method for proton dosimetry

Kiyomitsu Kawachi

Division of Physics, National Institute of Radiological Sciences, Anagawa 4-chome, Chibashi
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exposire

The expedient calculation method for proton dosimetry has been developed utilizing an error func-
tion. The calculated energy distributions at the Bragg peak and depth dose distributions from these
equations for incident energy of 40, 49 and 60 MeV agree well with the experimental data and results.

Further, this calculation method has been applied to the proton radiography study. The resolu-
tion in the proton radiography was estimated based on the statistical error of the fluence and depth dose
distribution, and the incident cnergy dependence of the resolution was also investigated. The mono-
energetic incident proton has a good resolution for smaller difference in tumor thickness, but on the con-
trary, spreadout energy incident proton has a wider dynamic range of the application. In case of the
‘monoenergetic incident protons of 250 MeV, if there is 59, difference of electron density between tumor
and normal tissue, the minimum detectable tumor thickness values are 7.8, 2.0 and 0.8 cm for the incidetnt

proton fluence of 102, 10* and 10° protons/cm?, respectively. The radiation exposure due to this proton

radiography was estimated about 1 mrad for the incident proton fluence of 10* protons/cm?,
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Fig. 1. Depth dose distributions in polystyrene for
protons with incident energies of 40 and 60 MeV.
Solid curves are calculated results for broad he-
am, and dashed curves for the pencil beam of
0.3cm in diameter, corrected for the beam div-
ergence. For comparison, experimental data are
also plotted. ®: 1 cm diameter beam, +: 0.3
cm diameter beam.
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Fig. 2. Calculated energy distributions of protons
at the Br-agg peak for various incident eenrgies.
Dashed curve is the experimental datum by Raju'?.
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Fig. 3. Calculated results of proton fluence, dose distribution and aver-
age mass stopping power, as a function of depth, for an incident energy

of 250 MeV.

Table 1. Calculated data of fluence, average energy and dose at various depth in polystyrene.

Spectrum curve No. (1) _ (2) (3) (4) (5)

£ 34.00 35.00 35.77 36.33 37.00
Fluence (pfem?®) 0.3606 0.3492 0.2825 0.1037 0.0046

Average e Mevy 50.04 34.89 20.98 14.14 9.95

Dose (MeV/g) 4.495 6.024 8.718 4.862 0.300
Note : Incident proton energy : 250 MeV (withot energy spread) .

Incident fluence : 1 protonfcm?
(3) : The position of differencial curve zero cross or Bragg peak.
(4) : The position of differencial curve peak.
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Fig. 4. Calculated energy distributions of protons
at various depth in polystyrene, for an incident
energy of 250 MeV. Curve (3) shows the distri-
bution of protons at the Bragg peak and (4) at
the peak of differential curve.
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Fig. 5. Statistically estimated percentage error of
the proton fluence and dose distributions, as a
function of depth in polystyrene, for various inci-
dent proton fluences with an incident energy of
250 meV.
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Fig. 6. Calculated proton fluence and dose distributions, as a funct-
ion of depth, for the incident average energy of 250 MeV, but
different energy spectra. Solid curves indicate the predicted curves
for the protons of monoenergetic incidence at 250MeV and dashed
curves for the protons of incident energy spectraa after the degrada-
tion from 400 MeV to 250 MeV with polystyrene.
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Fig. 7. Statistically estimated percentage error in
the proton fluence and dose distributions given
in fig. 6, for the different incident spectra with
average energy of 250 MeV.
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Fig. 8. Differential curves of the proton depth
dose distributions given in fig. 6, for the differ-
ent incident spectra with average energy of 250
MeV.
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Tig. 9. Estimated minimum detectable tumor thi-
ckness as a function of number of incident prot-
ons, for the different incident spectra with aver-
age energy of 250 MeV. Solid curves are the
results obtained by the Bragg peak detection
method and chain curves the inflection point
detection method of the Bragg curve, using the
differential curves given in fig. 8. The difference
in the electron density between tumor and nor-
mal tissue of 5 9% was used here for the present
illustration purpose.
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