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Table 1. The electron beam quality and the measurement conditions for the cross-calibration.

Nominal energy Beam quality

SSD Reference depth

Field size

21 MeV R50=8.40 cm

100 cm

494 cm 10x10 cm?
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Fig. 1. Schematic overview of the reference conditions for the
cross-calibration in the electron beam of a nominal energy 21
MeV with the beam quality of Rs=8.40 cm. The d. represents
the reference depth, the d, the position of a planeparallel
ROOS chamber, and the d. the position of a cylindrical
PTW30013 chamber.
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Table 2. The reference conditions of measurement in the electron beam whose nominal energy is 6 MeV and beam quality

R50=2.25 cm.
Rso* drch ddmmT PDD (dref)§ SSD ! Field size
225 cm 1.25 cm 141 cm 99.90 100.0 cm 10x10 cm?

*The beam quality defined as the half-value depth in water, Tthe reference depth of measurement d,=0.6 Rso—0.1 [g/cmz], T the
position of the reference point of the camber deu=df+0.5 reav, Ythe percentage depth dose at the reference depth, Sthe source-surface

distance.
" SSD=100 cm
10x10 om’ PR
Vv v |
i d,~=1.25cm
! * v dopam=1-41 cM
el oiiclel Wi i v

Fig. 2. Schematic overview of the reference conditions for the
determination of an absorbed dose in the electron beam of a
nominal energy 6 MeV. The cylindrical type of an ion chamber
is not positioned at the depth dma but the reference depth d.s.
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Table 3. The absorbed dose to water correction factors W, ;. , in units of [cGy/nC] for the 10 PTW30013 ion chambers.

serial number* 1 2 3 4

5 6 7 8 9 10

Newar 5438 5.283 5311 5.419

5.340 5.299 5.405 5.382 5.427 5.390

*The serial number is not the real one, but the one numbered for convenience.

5.550
5.500
5.450
5.400
5.350
5.300
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5.200
5.150 1

5.100 T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Serial number

N, [cGy/nC]

Fig. 3. The variations of the absorbed dose to water correction

factors Ne w. o for the 10 PTW30013 ion chambers calibrated

from KFDA. The error bars represents the uncertainty of 1.3%
from the calibration certificate given by KFDA. The abscissa
represents the serial numbers given arbitrarily for convenience.

1.0,100 -
1.0,080 -
1.0,060 -
£ 1.0,040
2
$ 1.0,020

CIR

1.0,000

0.9,980 -
—sa— |on recombination

0.9,960 - —a— Polarity effect

0.9,940 T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Serial number

Fig. 4. The correction factors of the polarity effects and those of
the ion recombination effects for the 10 PTW30013 ion cham-
bers. Cr and Cpo in the ordinate represent ion recombination
and polarity effect, respectively. The error bar represents the
uncertainty of 10 times measurements for each chamber. The
abscissa shows the serial numbers given arbitrarily for conven-
ience.

Table 4. The “temporary’ beam quality correction factors calculated from the equation (2).

serial number* 1 2 3 4 5 6 7 8 9 10
ko o 0.9349 0.9284 0.9327 0.9328 0.9395 0.9552 0.9268 0.9359 0.9341 0.9319
Average 0.9352

*The serial number is not the real one, but the one numbered for convenience.
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Fig. 5. The “temporary” beam quality correction factors ko
calculated from the equation (2) for each chamber. The abscissa
represents the serial numbers given arbitrarily for convenience.
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Fig. 6. The ratio Duyw/Durs of the absorbed dose Dy,
measured by PTW30013 chambers using the “temporary” beam
quality correction factors to the absorbed dose Dy,.s measured
by a ROOS chamber, a planeparallel chamber. Only one
chamber of PTW30013 chambers shows the difference of 2%
and the others are in good agreements within 1%. The abscissa
represents the serial numbers given arbitrarily for convenience.
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The Study on the Use of a Cylindrical lonization Chamber for the
Calibration of a 6 MeV Electron Beam

Seong Hoon Kim*, Hyundo Huh™, Sang Hyun Choi”, Jlnho Choi’,
Hyeog Ju Kim®, Chunil Lim® , Dong Oh Shin'

*Department of Radiation Oncology, College of Medicine, Hanyang University, Seoul,
TDepartment of Radiation Oncology, College of Medicine, Inha University,
TDepartment of Radiation Oncology, Gachon University Gil Hospital, Incheon,
$National Institute of Food and Drug Safety Evaluation,

HDepartment of Radiation Oncology, College of Medicine, Kyung Hee University, Seoul, Korea

The standard dosimetry systems based on an absorbed dose to water recommend to use a planeparallel chamber
for the calibration of such a low—megavoltage electron beam as a nominal energy of 6 MeV. For this energy
ranges of an electron beam a cylindrical chamber should not be used for the routinely regular beam calibration,
but the feasibility of the temporary use of a cylindrical chamber was studied to give temporary solutions for special
situations users meet. The PTW30013 chambers and the electron beam quality of R=2.25 g/cm? were selected
for this study. 10 PTW30013 chambers, a cylindrical type of chamber, were calibrated in KFDA, the secondary
standards dosimetry laboratories, and given the absorbed dose—to—water calibration factors, respectively. A

“temporary’ k

0., for each chamber were calculated using the absorbed dose determined by a cross—calibrated

planeparallel chamber, with the result of an average 0.9352 for 10 chambers. This value for PTW30013 chamber
was used to determine an absorbed dose to water at the reference depth. The absorbed doses determined by
PTW30013 chambers were in an agreement within 2% with that by ROOS chamber. In a certain situation where
a cylindrical chamber be used instead of a planeparellel chamber, the value of 0.9352 might be useful to
determine an absorbed dose to water in the same beam quality of electron beam as this study.

Key Words: Absorbed dose to water calibration factor, Beam quality correction factor, Cylindrical chamber,

Low—megavoltage electron beam
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