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Theoretical Consideration of Dosimetry for High Energy Electrons
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Division of Physics, National Institute of Radiological Sciences, 9-1, 4-Chome,
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An approach to establish general cavity theory for high-energy electron dosimetry was attempted.

The mean mass stopping power ratio was given by

fm,e=de+ (S/p)in

where de was approximately estimated by using an algorithm for the energy deposition by fast electrons.

The theory was applied to high-energy electron dosimetry in water by air ionization chamber, LiF-

TLD and Fricke closimeter. The absorbed dose conversion factor and the responses of these dosirneters

to electrons relative to “Co vy-rays were discussed.
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Table 1. Absorbed dose conversion factor, Cg.

T calibra- calculated from
:n?e; ™| tion recomme- eqn (16)
M g% depth | ndation® ]
e A o ek
5 1 0.922 0.919 0.919
10 1.5 0.885 0.874 0.881
15 1.5 0.851 0.345 0.862
20 2 0.835 0.328 0.852
25 b 0.819 0.814 0.842
30 2 0.306 0.804 0.838

* From references (1) and (2).
#* Based on ICRU" values of (S/p).
wik Based on Pages et al.'® values of (§/p).
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Table 2. C’g/Cg from eqn (17). The values of
C’g/Ce are independent of electron energy.

wall material C'g/Cg
air 1.0
water 0.974
tissue 0.991
polystyrene 0.982 ]
lucite 0.986
bakelite 0.995
C 1.009
Al 1.094 :
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Table 3. Relative responses of air chamber
normalized to *°Co y-rays for a=1. The
case of =0 is equivalent to water-equiva-

lent wall.

wall electron energy (MeV)

matexial 1 |5 [10] 2] 3
air 0.984] 1.050[ 1.083| 1.114] 1.125
water 1.012 1.080| 1.114| 1.146| 1.157
tissue 0.993| 1.060| 1.093 1.124 1.136
polystyrene | 1,003 1.069 1.103) 1.135| 1.146
Iucite 0.998 1.065 1.098| 1.130 1.14]
bakelite 0.989| 1.055 1.089] 1.120] 1.13]
c | 0.975 1.040| 1.073 1.103] 1.114
Al 0.897| 0.957] 0.987] 1.015 1.025

9 (20) Riciks < FMASR % Table 31z
N
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Table 4. Relative responses of LiF-TLD and
Fricke dosimeters normalized to *°Co «y-rays

for @=1.
has Fricke dosimeter
electron «LiF-TLD
energy depth |, x1x0.1cm 1.024gm/cm®
MeV | ™ | 2.64gm/cm® | 3¢ % 0.5cm| 3¢ lem
5 1 0.923 0.983 0.946
10 1.5 0.950 1.000 1.001
15 1.5 0.947 1.001 1.004
20 2 0.943 1.000 1.002
25 2 0.940 1.000 1.001
30 2 0.938 1.000 1.001

Fricke BWIIAKEfichbh, ICRU® 13 1~
30MeV DEBFHICOWTix 6=156.7, *Co 7§
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R,=
d

L 08 o T T= ) /P tenl PV} 1 — )P
(22)
Table 4 iz 3¢ x0.5cm J 0" 3¢ x lem 0> Fricke
wEIToOWT, (22) RSV TRHE LK
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cavity th e =R ¥ —fFHC WAL t 2 &,
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B &V & TO BT OHGEL O A A IE
T AV o ki EThHB. Fig. liwksp
<D10MeV BFHEo MBS MA R L. i
HhFNAY T SRR T, AR Emo(t) B ER
Licfichs. E@ w I =2 ¥ —fI5 O
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Fig. 1 Depth dose curves of 10 MeV electrons in
water. The solid line is a typical curve measured
for field size of Bx8cm?®®. The dashed line was
calculated according to Tabata et al.™®

ey, FREL OREOBRIE, HED I\
LITE s d Liiews., LisLigais, LiF-
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TOBETDOWT DR DIH, Wb 2LRE
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B EFEELTHDHRAY, HEOEHER TILbH
Fhtesih BleH T HHH & & Table 1, 2
Bdods . Matsuzawa B¥E A B EALFT
v 7% v v 7 CHIE Lo 4 b BERRERIC O
Tit, Ce OHIL 3% U BB NEZ L ARL
#-. Table 2R LTz X e, a0 BN TR
LAY U R Twvwo ke fie2Tnbh. SO
Wi, Matsuzawa 53 ICRUY @ Ce DfED,
Kessaris® oOffizd|lLT\w5 DT, Kessaris j?
B.x =B radeesu™oem® & 0 D L LT,
rad/R OHFLCT 51t 0.985% |5 NETH
BELTWEHN, Bxid TURU o Ce Offiid—
Ii: rad/R THEbHIRT WA EHRILLT, 0.98%
F LW TRDLZ LBRALTED, BLTF
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Table 5. Transmissions and energy losses of electrons in wall and water.

(a) for wall of 0.5mm thickness.

energy (MY ! 5 10 20 @
wallmaterial [ () [ 2 | 1| @ | | @ | @ O] @
water® L.out | 0.0 1.000 | 0.0 1.000 | 0.0 1.000 | 0.0 1.000 | 0.0
air* 0.998 | 0.011 | 0.999 | 0.005 | 1.000 | 0.002 | 1.000| 0.000 | 1.000 | 0.061
tissue* 1.000 | 0.003 | 1.000 | 0.002| 1.000 | 0.002| 1.000| 0.003| 1.000| 0.003
polystyrene 0.993 | 0.001 | 0.999 | 0.005 | 1.000 | 0.005| 1.000 | 0.006 | 1.000| 0.007
Roits 0.999 | 0.012 | 0.999 | 0.013| 1.000| 0.013 | 1.000| 0.013 | 1.000 | 0.013
bakelite 1.002 | 0.027 | 1.000 | 0.027 | 1.000 | 0.029 | 1.000 | 0.029 | 1.000 | 0.029
pyrex glass 1.098 | 0.093 | 1.001 | 0.099 | 1.001 | 0.105| 1.000| 0.108 | 1.000| 0.110
C 1.038 | 0.117 | 1.000 | 0.120 | 1.000 | 0.126| 1.000 | 0.130 | 1.000 | 0.132
Al 1.195 | 0.110] 1.003] 0.122 | 1001 | 0.128 ] 1.000 | 0.133 | 1.000 | 0.136

(b) for wall of (t,p,)** gmfcm? thickness.

(3 €)) (3) “

@ o] o] o ®| @

water® 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0

air# 1.002 | 0.110 | 1.0 0.056 | 1.0 0.027 | 1.0 0.001 | 1.0 0.012
tissue* 0.933| 0.025| 1.0 0.019| 1.0 0.021] 1.0 0.026 | 1.0 0.030
polystyrene 0.871| 0.018 | 0.997 | 0.011| 0.999 | 0.008| 1.0 0.003 | 1.0 0.001
lucite 2.093 | 0.100 | 1.0 0.094 | 1.0 0.091 | 1.0 0.095 | 1.0 0.093
bakelite 3.670 | 0.191 | 1.002 | 0.188 | 1.0 0.194 | 1.0 0.196 | 1.0 0.199
pyrex glass 20.589 | 0.382 | 1.014 | 0.406 { 1.003| 0.428 | 1.001 | 0.445 | 1.001 | 0.454
C 13.055 | 0.460 | 1.004 | 0.473| 1.001 | 0.493 | 1.0 0.511 | 1.0 0.519
Al 57.000 | 0.448 | 1.027 | 0.490 | 1.005| 0.514 | 1.002 | 0.534 | 1.001 | 0.546

* Equivalent material. The densities were assumed to be 1.0 gm/em?®,
*% The thicknesses are equal to the ranges of 1.04 MeV electrons in various materials,

@ O
(4) IAEwnler‘(tw:)'dEw-ll(lw)IMev-

(2) |4 yarer(t)-4Eqan(t) | MeV. (3) [n(t,)INar
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