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Electron Dosimetry in Radiotherapy
—With special reference to less than 10 MeV electron dosimetry—
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The reports for electron dosimetry have been published by ICRU and JARP, but the data are not
sufficient for low energy electron dosimetry ( (Ep)e< 10 MeV) by the thimble chamber.

This report is concerned with practical electron dosimetry, especially in this energy range.

1) The relative percent depth ionization I(x) can be represented by the relation: I(x)=110-
10epx not only in the region deeper than the peak point but also in the build up region, where x is the
distance from the depth at which I(x) equals 100 per cent. An experimental coefficient i and the peak
depth vary with an initial energy ( (Ey),), Scattering foil Skin Distance ($SSD) and field size.

2) Cg values for electron energies less than 10 MeV were obtained by comparing the relative
depth ionizations measured using the thimble chamber with the relative depth doses measured using
the Fricke dosimeter. In this experiment, we used the recomended value by JARP at the reference
point (1 cm depth).

3) The relative depth doses measured with the thimble chamber were in agresment with values
obtained by TLD with an accuracy of about 3%,

4) The relative surface dose of this device was measured with the Fricke dosimeter and TLD.

‘The dose increased with increasing of the (E;), and the field size.
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LREFRE L.
Py g==1-P (1) (2)
P(r) =—2 i ®

b —_ 0.318Es (Eat+p)
X2 Ba (Bat2p)
£ =0,511MeV

Es=21MeV
Xo=37.1cm

Table 1 Combinations of electron energies and scattering foils used in radiotherapy in Kyoto

University Hospital.

18 20 22 24 26 28 30 32

E(MeV) 4 6 8 10 12 14 16
Scattering Al Cu| Cu | Ca | Ta | Ta Ta Ta | Ta Ta Ta Ta Ta Ta
foil (mm) 0 0.3 0.L| 0.1] 0.2| 0.2 0.2 0.2| 03| 0.3| 0.3] 0.3| 0.4| 0.4] 0.4
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Fig. 1 Percent depth jonization curves for high
energy electrons measured with the Ionex 0.6cc
chamber. The field size is 10cm in diameter.
Ordinate scale is an inversed logarithmic scale.
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Fig. 2 Percent depth ionization curves for elect-
ron beams less than 10MeV. The field size is
10cm in diameter.
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Table 2 Values for Cg in water, intrapolated from Kessaris’s values.
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Depth IniTiaL ELECTRON ENERGY Ey / MeV
in
Water
dfem 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
1.0 £922.913.904.895.886.877.870.862.856.849.843.838.834.830.827.823.820.817.814.811.808.805.803.800.798.795.796.730
1.5 .B85.877.870.863.856.851,.846.841,837.833.830.825,822.819,816,813.810.808,805.804,801.799.737
2.0 .B893.885.877.870.864.858.853.848.843.839.835.832.0828.825.822,819.416.813,811.800.806.804.801
2.5 .903.894.885.8?8.3?1.EG-I.859.854.1&50.346‘.812.837.E.‘H.d]:.'l.821'.825.!!21.818_‘.815.813.811.809.801’
3.0 .915.903.893.881.8?7.3?1‘866_:861.1356.652‘.848‘8“'.840.83:1"833.839.32?.824‘.Ezl.slﬂl.slws.sll.sll
3.5 .930.915.903.89d.885.a?E‘8?2.86?.\362.357‘.853.34'9.Ed_-5.841‘838‘835‘1332.829".525.823.82‘0‘815.816
4.0 .947.928.914.903.894.886.879.873,318.863.6859.855.851.847.643.840.836.833,830.827.824.822.819
4.5 +945.926.913.903.893.8686.880.374.869.865.860.0856.851.847.843.840.837.833,083)..6828.826.823
5.0 963 .945.925.911.901.894.887.381.876.871.865.0860.856.851.847.343.840.,837.834.6831.828.826
5.5 .946.926.913,903.896.389.883,878.871.6865.860.855.851.347.844,841.837.835.832.830
6.0 .955.933,.919,908,.899.892,885.878.871.866.861,856.352.848,845,842.839.836.833
6.5 .938.921._!!11.902‘.593.BES.578.81'2-855.851.356-852.849-845.342.839.836
7.0 965 .948.926,913.902.893.885.878.872.867.362.857.853.849.0846.843.840
7.5 .958,932,915,904.895.887.880.875.867.862.858.854.850.847.843
8.0 +941,922.907.899.890.882.375.869.863.859.854.851.847
8.5 .942.923.910.899.0890.882.875.869.864.859.855.852
9.0 959 -938.920.909.898.389,882,.876.870.865.861.857
9.5 -956.9343.918.907.897.889.882.876.871.866.862
10.0 926 .955,931.917.906.6898.890.883.878.872.868
10.5 .953.935.916.906.898.890.684.878.873
11.0 .946.929.916.905.897.890. 884 . 884
11.5 .943.927.915.905. 898,891,686
i1z2.0 -939 942.925.914.906.899.893
12.5 .936.924.915.907.900
13.0 -95%.940.925.915.908
13.5 .959.940,926.918
14.0 .959.940.929
14.5 .959,943
15.0 L9313 L960
15.5
= -, =
T | T ANEN ol Tk LTRDd Ce
-== 6.0 WY B e -Gy L Ty 2
!... 7.6 MY {Eq)gﬁwﬁg:ii'? Y w & ﬂ.‘.’ﬂrfl‘q)gg.gﬂlﬁi‘g, I%\t?
Lo~ & === 8.4 MY -1 i
=== By KEs S [/ P as ) i Tl A
[ P :} i BT 1.0%, BT 1.5% & RO B
o == FRoM JARP REPoRT] =] - - s g . s o " .
. Vi ° DEBEEVHEFES L, WHTEL 2%, TEET
st -4 0 ,
g / ] 1 4 HBeicoi.
.95 . n 7
g ¥ : : .
=1 4 l P Fig.3 X h W HAv7e X 5ic, Ce Mg ik 1 cm B
i / . e - = - (S - .
£ 1 ] I L~ //,. P OTEE T i A % /R Lic. Fig. 3 X
PRl P
-~ ~ R s :
g ,l/f LAl i b sRedte B MG =F A% -0 Ce ffi% Table3 i
_— o = - . — -
L ‘1 F_ ‘ii,’i" b .
et ) ST L
i L L ' 3. HEEESER
o 1 3 L]

2
DEPTH 1IN MATER € (M)

Fig. 3 Relationship between Cg values and depth
in water.
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DU E AR OWRER R A LA T 5. Tonex 0.6




176—(6)
Table & Values for Cg in water,
Electron  Energy (MeV)
Depth
6.0 7.6 8.4
0.35cm 0.901 0.893 0.888
0.65 0.904 0.895 0.890
0.95 0.907 0.899 0.891
1525 0.918 0.903 0.893
1.55 0.938 0.909 0.897
1.85 0.960 0.916 0.902
2.15 0.979 0.925 0.909
2.45 0.990 0.935 0.916
2.75 0.945 0.922
3.05 0.952 0.928
3.35 0.932
T T T T T T ¥ 1 S 1
ok 10¢
100+ %x m\
e
i
= 90k p
g | vo’
E bpo
woop
Lt m -
=
=
&
§ === 6,0 MeV. lonex
3 -~ 7.6 MeV., lonex
o --- 6,0 MeV, TLD
ok o - 7.6 MV, TLD
w_ R
LS T T TR T N TR T R T | T

DEPTH 1IN WATER ( CM)

Fig. 4 Percent depth dose curves for 6.0MeV and
7.6MeV electron beams measured with the Ionex
chamber and TLD. Field size: 10cm in dia-
meter, SSD: 64.7cm.

cc chamber |2 X A{f & T L DIz X Afixiz (5 3
%OWET—FK Lic. 73, TLD O EHHE
1X+3%Tchot.

HAEZRRE S M35k H45

;::\a
*
/“

S
L

?§\
,:?~
{//

PERCENTAGE DEPTH DOSE (%)
3
T o
o
e
1

& --- 6.0 MgV, lowex

§ === 7.6 HeV. lomex
o === 6,0 MeV, TID

fu*_ s === 7.6 Me¥, TLD

DEPTH IN WATER (CM)

Fig. 5 Percent depth dose curves for 6.0MeV and
7.6MeV electron beams measured with the Io-
nex 0.6cc chamber and TLD. Field size: pen-
tagonal cone 4.5cm in one side, S8D: 73.7cm.

4. FEFEESER

7Yy YRR E T LD CHRE L Alif=% 1
F—10MeV DUFOEMRIEE S RY Fig. 6 1R
T RERBEETREIAH =2 F — Dk L L

T T T T T T T T T T T
§ - Fricke . 104
- ® =T, m-108
ol & [RYs] -
(BT
EE §/ i - 6§
] 4
! * iy,
@ 13
‘ = i
E el
sonl—" W i
|
T ~
1 1 1 ] ] 1 L 1 1 I

EHEREY ( Mg )

Fig. 6 Relationship between relative surface dose
and electron energy.
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