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(b) 10 MV x-ray spectra(BX E% 1)
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(b) 10 MV x-ray spectra(8% £ 1)
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(b) 10 MV x-ray spectra(3% EEiE1I)
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(b) 10 MV x-ray spectra(3% EEIV)
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(b) 10 MV x-ray spectra
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1. ERIHEIZONOTD 4MV X BROFBRRT —F L RZE(% dev.)

Carbon Water Acrylic Aluminum

T};?C‘:’n‘;ss A2 A(2D) %dev.  A(2) AAZ) %dev. AKD) A(Z) %dev.  AfZD) A(Z) %dev.
0 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00
4 0.681 0.681 -0.01 0.798 0.798 -0.01 0.772 0.772 -0.01 0.589 0.589 -0.01
8 0.468 0.468 -0.01 0.638 0.638 -0.01 0.599 0.599 -0.01 0.352 0.352 -0.02
12 0.324 0.324 -0.01 0.512 0512 -0.01 0.466 0.466 -0.01 0.213 0.214 -0.01
16 0.226 0.226 0.00 0.412 0412 -0.01 0.364 0364 -0.01 0.131 0.131 0.01
20 0.158 0.158 0.03 0.332 0333 -0.01 0.285 0.285 0.00 0.081 0.081 -0.05
24 0.112 0.112 0.06 0.269 0.269 -0.01 0.224 0.224 0.00 0.051 0.051 0.11
30 0.067 0.067 0.15 0.196 0.196 0.01 0.157 0.157 0.03 0.025 0.025 0.26

Iron Gold Lead Uranium

Thickness

Zemy D 4D %dev. A2 4D %dev. A2 4(2) %dev.  A(Z) A(2) %dev.
0.0 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00
0.4 0.858 0.858 -0.01 0.652 0.652 -0.06 0.772 0.772 -0.04 0.629 0.630 -0.08
0.8 0.736 0.737 -0.01 0.433 0.433 -0.05 0.601 0.602 -0.07 0.407 0.407 -0.05
1.2 0.633 0.633 -0.02 0.291 0.291 -0.01 0.471 0.471 -0.05 0.268 0.268 -0.05
1.6 0.545 0.545 -0.02 0.197 0.197 0.00 0.371 0.371 -0.02 0.178 0.178 -0.15
2.0 0470 0.470 -0.03 0.134 0.134 -0.04 0.293 0.293 0.01 0.119 0.119 -0.32
2.4 0.405 0.405 -0.03 0.092 0.092 -0.11 0.232 0.232 0.02 0.080 0.081 -0.53

3.0 0.325 0.325 -0.04 0.053 0.053 -0.25 0.165 0.165 0.00 0.045 0.045 -0.84

2. FWIWEIZOWTD 10 MV X BROBITHT — & & #875(% dev.)

Carbon Water Acrylic Aluminum
Thickness
Zem) DD 4@ %dev.  A(D) 42 %dev.  A(D) A/(2) %dev.  A(D) A(Z) %dev.
0 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00
4 0.733 0.733 -0.01 0.832 0.832 0.00 0.811 0.811 0.00 0.647 0.647 -0.02
8 0.543 0.543 -0.01 0.696 0.696 -0.01 0.661 0.661 -0.01 0.426 0.426 -0.06
12 0.407 0.407 -0.02 0.583 0.583 -0.01 0.542 0.542 -0.01 0.284 0.284 -0.10
16 0.307 0.307 -0.01 0.491 0.491 -0.02 0.446 0.446 -0.02 0.192 0.193 -0.12
20 0.234 0.234 0.02 0.414 0.414 -0.02 0.368 0.368 -0.02 0.132 0.132 -0.11
24 0.180 0.180 0.07 0.351 0.351 -0.02 0.306 0.306 -0.01 0.091 0.091 -0.07
30 0.123 0.122 0.21 0.275 0.275 -0.01 0.233 0.233 0.02 0.053 0.053 0.08
Iron Gold Lead Uranium
Thickness
Zeemy 4D A2 %dev. A2 Af2) %dev.  A(D) A(Z) %dev.  AfZ) A(2) %dev.
0.0 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00
0.4 0.877 0.877 -0.01 0.683 0.683 0.01 0.795 0.795 0.01 0.667 0.667 0.00
0.8 0.770 0.770 -0.01 0.471 0471 0.02 0.635 0.635 0.02 0.451 0.451 0.02
1.2 0.677 0.677 -0.03 0.327 0.327 0.01 0.510 0.509 0.03 0.308 0.308 -0.02

1.6 0.595 0.596 -0.04 0.228 0.228 -0.04 0.410 0.409 0.04 0.212 0.212 -0.14
2.0 0.524 0.525 -0.06 0.159 0.160 -0.13 0.330 0.330 0.04 0.146 0.147 -0.32
24 0.462 0.463 -0.08 0.112 0.112 -0.26 0.266 0.266 0.02 0.101 0.102 -0.54
3.0 0.383 0.384 -0.12 0.066 0.066 -0.52 0.193 0.193 -0.05 0.059 0.059 -0.92




£ 3. FWHEPHIZONTD 1SMV X BROWEITT —F & RZE(% dev.)

Carbon Water Acrylic Aluminum
Thickness o
Zemy D A2 %dev. A2 (D) %dev. D) A4@) %dev.  A(2) 4(Z) %dev.
0 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00
4 0.797 0.796 0.20 0.875 0.874 0.12 0.859 0.858 0.14 0.716 0.714 0.25
8 0.639 0.637 0.38 0.766 0.765 0.23 0.739 0.738 0.27 0.516 0.514 0.45
12 0.515 0.512 0.52 0.673 0.670 0.34 0.638 0.636 0.38 0.375 0.372 0.59
16 0.417 0.414 0.63 0.591 0.589 043 0.552 0.549 0.48 0.273 0.271 0.68
20 0.339 0336 0.71 0.521 0.518 0.51 0.478 0.476 0.56 0.200 0.199 0.73
24 0.276 0.274 0.77 0.459 0.457 0.58 0.415 0.413 0.63 0.148 0.146 0.74
30 0.205 0.203 0.83 0.381 0.379 0.66 0.337 0.335 0.72 0.094 0.093 0.70
Iron Gold Lead Uranium
Thickness
Zem) AD 4D %dev A A2 %dev. 4D AD) %hdev. D) A/2) %dev.
0.0 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00 1.000 1.000 0.00
0.4 0.898 0.897 0.06 0.704 0.704 0.01 0812 0.812 0.00 0.695 0.695 0.04
0.8 0.806 0.805 0.12 0.497 0.497 0.08 0.659 0.659 0.01 0.484 0.483 0.14
1.2 0.724 0.723 0.17 0.351 0.351 0.19 0.536 0.536 0.05 0.338 0.337 0.28

1.6 0.651 0.650 0.23 0.249 0.248 0.34 0436 0436 0.11 0.236 0.235 0.46
2.0 0.585 0.584 0.28 0.176 0.175 0.52 0.355 0.354 0.18 0.165 0.164 0.65
24 0.526 0.525 0.33 0.125 0.124 0.72 0.289 0.288 0.27 0.116 0.115 0.86
3.0 0.449 0.447 0.40 0.075 0.074 1.05 0.212 0.212 041 0.068 0.067 1.17
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Abstract
High-energy x-ray spectra reconstructed

using the Waggener-Iwasaki iterative perturbation method

Hirosaki University Graduate School of Health Sciences

Morio Seino, Akira Iwasaki, Shigenobu Kimura, Fumio Komai, Makoto Sasamori

In radiation therapy, in order to perform high-precision dose calculation, it is necessary to
evaluate the transition of primary x-ray beam quality in media accurately. The most appropriate
method for evaluating the beam quality transition of primary x-ray beam is to evaluate it by
directly utilizing the x-ray spectrum expressed as a function of an off-axis distance. The x-ray
spectrum is an important factor in calculating the x-ray transmission due to wedge filters,
compensators, shielding blocks, multi-leaf collimators (MLC), etc. This is because these devices
are usually produced with high-atomic number materials and cause large spectrum transition.
Waggener et al. proposed the iterative perturbation principle to reconstruct low- and high-energy
x-ray spectra. Iwasaki et al. improved this principle and proposed a practical method to reconstruct
high-energy x-ray spectra (Waggener-Iwasaki iterative perturbation principle). In this method,
accuracy of attenuation for high-atomic number attenuators like lead is checked using the x-ray
spectrum (composed of about 10 energy bins) reconstructed using low-atomic number attenuators
like acrylic or aluminum.

The experimental study was made on a linear accelerator, producing 4 and 10 MV x-rays. Acrylic
(0-30 cm) and lead (0-3 cm) were used as low- and high-atomic number attenuators, respectively,

for estimating x-ray spectra. Measurements of x-ray attenuation data were performed using small



irradiation fields, changing the off-axis distance, where a thimble ionization chamber with the
respective acrylic buildup caps was used. Four setups for setting the energy bin widths, the
representative energies, and the minimum- and maximum-energies were investigated for
reconstruction of x-ray spectra using the Waggener-Iwasaki iterative perturbation principle.
Consequently, it was suggested that x-ray spectra could be reconstructed accurately when different
energy bin widths were used in the low- and high-energy band and when the minimum and
maximum energies were set at the left and right edges of the first and last energy bins, respectively.

It has been found for 4 and 10 MV x-rays that the linear correlation between the logarithm of
photon fluence taken on the longitudinal axis and the off-axis distance taken on the horizontal axis
is the highest among four cases in which the energy fluence, the logarithm of energy fluence, the
photon fluence, and the logarithm of photon fluence were taken on the longitudinal axis with the
off-axis distance taken on the horizontal axis. In addition, it has also been investigated using
functional 4 and 10 MV x-ray spectra whether or not the Waggener-Ilwasaki method can
reconstruct x-ray spectra accurately for media (carbon to uranium) covering a wide range of
atomic numbers. It has been found for each medium that attenuation data calculated using
reconstructed x-ray spectra coincide well with those calculated using the respective functional
x-ray spectra. Therefore, it has been proved that the Waggener-Iwasaki method can reconstruct

x-ray spectra precisely applicable for all media used in radiation therapy.



