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Fig. 1 Mechanism for formulation of RPL centers.
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Fig. 2 RPL excitation model and energy level.
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Fig. 3 Schematic diagram of a portion of the GRD read-
out system. The GRD is excited by a 1 mm diam-
eter pulsed Nz gas laser. The reading of the GRD
luminescence is obtained through the readout maga-
zine of a 0.6 mm diameter window.
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Fig. 4 Block diagram of a radiophotolu-
minecence (RPL)readout system.
When the irradiated GRD is excited by
a pulsed Nz gas laser beam, the RPL
light is emitted and captured by the

system. The sample readings are cor-
rected by the reference GRD reading.
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Fig. 5 The uniformity of signal measured with 50 GRDs.
The error bars represent one standard deviation of
three measurements.
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Fig. 6 The dose linearity of GRD. The dose of GRD is
normalized to 1 Gy of the absorbed dose measured
with a Farmer-type chamber. Each dose point rep-
resents the average value out of 4 GRDs and their
average one standard deviation is +1.0%.
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Fig. 7 The angular dependence of the GRD measured with
the 15 mm circular collimator. The GRD readings
are obtained with the linear accelerator-based ra-
diosurgery system using a 4 MV x-ray beam. The
response is normalized at the GRD reading at the
vertical angle relative to the long axis of GRD. The
data at each angle is presented by an average value
and its one standard deviation out of 5 GRDs.
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Fig. 8 Output factor measurements of circular collimator
fields with a 4 MV linear accelerator-based radio-
surgery sysytem. The output factors are normalized
to that of a 10 cm square field.
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Fig. 9 Output factor measurements of circular collimator
fields with a 4 MV linear accelerator-based radio-
surgery system. The output factors are normalized
to that of a 20 mm circular field.
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Fig. 10 Output factor measurements of circular collima-
tor fields with a 10 MV linear accelerator-based
radiosurgery system. The output factors are nor-
malized to that of a 10 cm square field.

Fig. 11 Output factor measurements of circular collima-
tor fields with a 10 MV linear accelerator-based
radiosurgery system. The output factors are nor-
malized to that of a 20 mm circular field.
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Fig. 12 Output factor measurements of circular collima-
tor fields with a 6 MV Cyber-Knife beam. The output
factors are normalized to that of a 60 mm circu-
lar field.
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Fig. 13 Output factor measurements of circular collima-
tor fields with a 6 MV Cyber-Knife beam. The output
factors are normalized to that of a 20 mm circu-
lar field.
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Fig. 14 The angular dependence of the SFD measured
with the circular collimator sizes of 4, 6, 10, 15 and
17.5 mm. The SFD readings are obtained with a
linear accelerator-based radiosurgery system using
a 6 MV x-ray beam. The response is normalized
to the SFD reading of the vertical axis at O degrees.
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Table 1 The Gamma-Knife weighted angular dependent factors calculated from the linear accelerator-based circular collimator
sizes of 4, 6, 10, 15 and 17.5 mm using a 6 MV x-ray beam.
Beam The number 4 mm circular collimator 6, 10, 15 and 17.5 mm circular collimators
entry of Co-60 Angular Weighted angular Angular Weighted angular
angle® sources® dependent factor ~ dependent factor dependent factor dependent factor
6.0 44 1.009 0.221 1.011 0.221
13.5 44 1.019 0.223 1.022 0.224
21.0 39 1.025 0.199 1.030 0.200
28.5 39 1.031 0.200 1.040 0.202
36.0 35 1.037 0.181 1.048 0.182
=201 3=1.023 3=1.029

*The beam entry angle and the number of Co-60 sources for Gamma-Knife.

Table 2 The end effect for each helmet measured with the SFD. The end effect correction factors are given for the expo-
sure time of 2 min measured with both the GRD and the SFD.

Collimator helmet Electrometer reading Electrometer reading End effect time? End effect
(mm) M, (nC) M, (nC) t(min) correction factor®

18 23.646 24.400 0.066 0.968

14 23.292 24.063 0.069 0.967

8 22.423 23.012 0.054 0.974

4 20.112 20.595 0.049 0.976

#Calculated from Eq. (2)
°Calculated from Eq. (3)

Table 3 The output factors measured with the GRD.

Collimator helmet Measured dose (+1 SD) End eff.ect Output factor (+1 SD)
(mm) (Gy) correction factor
18 4.307+0.025 0.968 1.000+0.006
4.269+0.010 0.968 1.000+0.002
14 4.221+0.022 0.967 0.979+0.008
4.204+0.038 0.967 0.983+0.009
8 4.056+0.028 0.974 0.947+0.009
3.978+0.017 0.974 0.937+0.005
4 3.759+0.039 0.976 0.880+0.010
3.705+0.033 0.976 0.875+0.008
Table 4 The output factors measured with the SFD.
Collimator helmet Electrometer reading End eff.ect Angula.r Output factor
(mm) (nC) correction factor correction factor

18 26.528 0.968 1.000 1.000

26.003 0.968 1.000 1.000

23.646 0.968 1.000 1.000

14 25.856 0.967 1.000 0.973

25.570 0.967 1.000 0.982

23.292 0.967 1.000 0.984

8 24.892 0.974 1.000 0.944

24.561 0.974 1.000 0.950

22.423 0.974 1.000 0.954

4 22.809 0.976 1.006 0.872

22.251 0.976 1.006 0.868

20.112 0.976 1.006 0.862
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Table 5 Comparison of the current output factors from the
GRD and the SFD with those provided by Elekta'”
and Table 3 of reference 15.

Collimator helmet  Method/Reference  Output factor (=1 SD)
(mm)

14 Glass rods 0.981+0.006
SFD 0.980+0.0062
Elekta 0.984
Published Data® 0.983+0.008
8 Glass rods 0.942+0.005
SFD 0.949+0.005%
Elekta 0.956
Published Data® 0.950+0.005
4 Glass rods 0.877+0.007
SFD 0.867+0.005%
Elekta 0.870
Published Data® 0.865+0.026

Standard deviation of mean value.
YThe values are obtained from Table III of reference 15.
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