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Study on dose estimation for low energy photons
By

Nobuteru Nariyama

Abstract

Recently, the use of low energy photons from ultraviolet to several tens of keV has been extensively
increased in synchrotron radiation and free electron laser facilities, where the beam is almost completely
parallel and the intense photon sources several orders higher than that of conventional x-ray machines
are available. In this context, the development of dose evaluation for low energy photons has been crucial
for radiation protection, medical application such as coronary angiography, and heat stress in optical
devices of the beam filters and monochromators. From this point, in this study the validity of a theory
used for dose evaluation was examined for low energy photons, dosimeter responses of thermoluminescent
dosimeters (TLDs) were measured using monoenergetic photons from synchrotron radiation, and
furthermore by applying those results to dose measurements the dose estimation techniques were
improved.

Cavity theory which is used for the estimation of the dosimeter response is fundamentally
necessary for photon dose measurements. For the examination of the validity, the responses of LiF
TLDs sandwiched between two Teflon, aluminum, copper and gold foils were measured for 30 to 200
keV x rays from a conventional x-ray machine and compared with the calculated based on the theory.
The result showed that the discrepancies were 48% for gold, while 15% for the other media. By using
a Monte Carlo transport code ITS, the response in gold was found to depend largely on the accuracy of
the weighting factors used in the theory even for low energy photons because of the large influence of
the secondary electrons from the medium to the TLD dose. The result clarified that the criteria whether
a cavity was large or small were related to the degree of the influence of the electrons from the medium
to the TLD dose, not the degree of the attenuation of the electron fluence in the TLD. For the dosimeter
response, noticing that the electrons incident on the TLD are all absorbed in that for the low energy
photons, another calculation method was proposed using energy transmission and reflection
coefficients. The response calculated with the method agreed with the measured even for gold.

To establish the monitoring technique for the intense source of synchrotron radiation, doses measured
with a parallel-plate free-air ionization chamber were compared with those with a total absorption
microcalorimeter for 10-40 keV monoenergetic photons from synchrotron radiation. As a result, the
agreement was obtained within 3% so that the accuracy of the chamber as a monitor was confirmed.
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For the measurement of the response characteristic of TLDs for low energy photons, LiF, Li:B.O5:
Cu, BeO and CaSO.:Tm TLDs were irradiated with 10-40 keV monoenergetic photons from synchrotron
radiation. The glow curves were recorded using a thermoluminescence (TL) reader developed with a linear
heating of 0.5-5°Cs with an accuracy of 2% and by integrating the area the energy and dose responses
were obtained. As a result, the energy responses were found not to agree with the calculated: the
measured values weve larger by 6% for LiF, 70% for BeO and 8-24% for CaSO.:Tm, and smaller by 8-
20% for Li;B.0;:Cu. Moreover, it was shown that the linear region depended on photon energy: that
extends to 0.5 Gy for ®Co gamma rays and 1 Gy for 40 keV x rays for CaSO.::Tm. For Li:B:O7:Cu,
the linearity extends over 650 Gy for ®Co gamma rays, while 300 Gy for 10 keV x rays. On the other
hand, LiF and BeO exhibited the linearity to 5 Gy and 2.6 Gy, respectively, independent of photon energy.
Furthermore, except for Li.B.0O+:Cu, supralinearity was observed that the dose response increases above
the linear region, where the maximum dose response decreased with photon energy from *Co gamma
rays to 30 and 10 keV x rays. Calculations of LET (Linear Energy Transfer) for photons showed that
the LET value increased with decreasing photon energy, which suggested that the dependence of supralinearity
on photon energy and the disagreement between the energy response and the cavity theory were attributed
to LET effect.

Using the 1iF and Li.B:O.:Cu TLDs, absorbed doses were measured in a tissue-equivalent 30-cm
cubic phantom irradiated with 10 and 30 keV monoenergetic photons from synchrotron radiation. Owing
to the effect of linear polarization, dose dependence on azimuthal angle around the beam axis was
observed with a factor of 3.5 at maximum. The measured doses agreed with the calculated with a Monte
Carlotransport code EGS4: the validity of the code and photon cross section data PHOTX was confirmed
for dose calculations in the low energy region.

Using the EGS4 code, the depth doses at 0.07, 0.02-0.10 mm and 10 mm in ICRU 4- and 10-element
phantoms were calculated for 1.5 to 50 keV photons. The dose at 0.02-0.10 mm depth has been recommended
as the estimated depth for the stochastic effect of skin in ICRP Publication 60. The calculated result
showed that the depth dose at 0.07 mm and 0.02-0.10 mm became maximum at 3 to 4 keV, below which
the dose decreases owing to photon attenuation. On the other hand, between the sphere and slab geometry
no large discrepancies were observed, that is, the slab geometry is better owing to the simplicity. As a
result, it became clear that below 10 keV the depth dose at 0.02-0.10 mm in slab was a practical index
of effective dose defined in ICRP Publication 60 instead of the 10 mm depth dose.

From the results, it is concluded that an application method of cavity theory and response characteristics
of the TLDs were clarified for low energy photons: technique for the dose estimation was developed and
the accuracy was improved. Moreover, the dose conversion factors were provided below 10 keV, which
proposed guidelines for the point of view of radiation protection for the low energy photons.
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