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Introducti on

’ The parameters as DE Oy QE (dose equlvalent, qualxty factor),
,f‘used in rad1at10n protectlon, 1n the radlatlon field of hlgh energy .
,.protons have' been more. frequently a subJect of a theoretlcal than
experlmental studles. o '

: The ICRP recommendatxons/ 1 concerrung QF values for hlgh
M'energy protons and neutrons are also based on the data -calculated
by Neary and - MulveyJ 2/ . The calculations of radiation dose from - |
'hlgh energy - nucleons,publlshed in a recent few years/a-?[ ha{re _
f'glven more exact data for QF and DE - in the: phantoms.- An “experi~
mental determmatlon of .QF- in the field of high" energy nucleons
vms an object of  the: 1nvest1gat10ns of Baarh and Sulllvan/ 9/ and ,

erlczynskl et al / 10/ based on 1on columnar recombmatlon pheno—-"

-menon 1n gases of an 1on1zatxon chamber. Dependence of the Spe— o

cific’ lumlnescence of the organlc sc1nt1]lators upon LE’I‘ of charged

part1cles allows ‘to reallze a new detector for an experlmental deter-
fn'unatlon of QF of mxxed radlatlon/1,1/. . '



In the paper an attempt is: made to determme experlmentally g
the . QF depth d1str1bu’uon in the tlssue—equwalent phantom m the ) :.‘
200 MeV proton beam usmg this method e

Expenmental Techmque

The double detector system consxstmg of a t1ssue equlvalent
(TE) 1oruzatlon chamber and an orgamc sc1ntlllatlon detector was ,“- S
- used. The 1on1zat10n chamber made of TE electrlcally conduct.mg
plastic' is cylidrical in shape ( 40 mm dia x 140 mm) with 3 mm
‘thick wall, The NE 1024 scintillation detector (8. mm dia x. 80 mm)
is located inside the 1oruzat10n ‘chamber and coupled to EMI
- 95245 photomult1p11er through the light p1pe. The cross sechon of ’
the double detector system is shown 1n F‘xg.l. TR . ‘
The detector response in rmxed (n,y) rad1at10n field was

: analys ed/ 12/

and emp1r1cal expressmn was derived:
QA .11"(1 0,91 L )eees |

. where , ‘ . |
o - quahty °f radlat.lon, measured by the double detector system,
I, - Output current of the sc1ntlllatlon detector, ‘- : e

I

. = current of the ionization’ chamber,

' K'- normahzat.lon- factor, which normallzes the ratlo ---—I—-E—- to 1

KI,

fory rays. of - Co .

'.."‘f]Factor 0 is calculated from expressmn (v accordmg to measured S
I, and I, values and within + 15% agree with recommended QF
values for ganuna rad1atxon and neutrons with energy from thermal

up to 14.8 MeV.



A narrow beam of 196 + 10 MeV protons was obtalned by
lmoderatxng 660 MeV proton beam from JINR synchrocyclotron in
: polythene thxck slab, The energy (momentum) of protons, ‘leaving

: o the absorber, was estlmated according ‘to magnetlc density of the

"‘ffsweep magnet, A "slab" phantom, 100 x 100 x 30 cm thick, was
. 'i-ﬁlled thh a tissue equlvalent liquid (rmxture of water, glycerm,

13/

ment’is illustrated in ‘Fig. 2. The pos1t10n of the double detector

" urea and sucrose) as suggested 1n/ ‘An experimental arrange—

(“'msxde the phantom was adJusted remotely. The output s1gnals

(1 e, current of an 1ontzahon chamber and current from a scintilla~
tlon detector ) - were simultaneously measured by Ekco electro~
ot meters and recorded ‘on tape. The ionization .chamber was used

'~as a momtor of proton beam stablhty during the experiment,

. . 'Experimental ‘Results

The currents of the 1omzat10n chamber (dose rate) and the

, ;!‘scmtlllatlon detector were measured along the beam axis as a
3 function of depth in the tissue’ eql,uvalent phantom. Quality of - ra~
,‘jidxatxons, Q ., was calculated from expresslon (1) The dose” rate

,):\_: and quallty)of radxatlon Q . along 'the beam axis as a functlon
of depth in the phantom, are shown in’ F‘lg.3 The Bragg peak

'-',whxch appears at the end of the proton range 1n the phantom, is'not

v.pronounced because of the- energy dxspersmn of protons, passing
,_through a thxck slab of polythene/ 14/, and dose rate 1ntegratlon

'over the 1onlzatlon chamber volume.

“AtL 5°cm depth 1n the phantom, ‘the dose rate and radiation”

\”'_quahty in the plane perpendlcular to beam axis were estimated,
,The results are shown'in E‘lg_ R .
k “The’ quality “of rad1at10n, Q , for the broad beam of protons

:were calculated from°




. %P‘(A:)Ql(A:):‘A: e ,
Q o L . ,’-; J , o (2)"'.
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where:: - . _ IR
P(Ar ) - dose rate measured by ithe detector iih" the point
-'t‘l' ;‘ . ' » B ,\ ‘ . ‘ ' » ' | . “
"Q,(Af) - quality of radiation, measured by the detector =
in the point " R e e
At =~ cross section d1mensmn of the detector in the‘.f'Vi
phantom (perpendlcular to the beam d1rectlon)
Ey - dlstance from the center of ‘detector to' the beam
‘ axis in the plane perpendlcular to the beam axis, - :
‘ The Q value at 5 cm depth in the phantom for. broad beam .
1rrad1atlon was obtained to. be 155 + O. 25, For the Q value, when ‘.‘“ﬂ
compared wﬁh quahty factor , QF theorehcally determmed by "
Zerby an,d,Kmney/ a 15°/o overestxmatlon has been observed
" The. d1fference between Q and QF can occur due to nomdentlty
in relatlon of a spec1f1c luminescence of NE 102A. scmtxllator upon
LET and QF upon LET (aspeclally for. partxcles with low" LET), 4
‘and p0551b1e contammahon of incident proton beam by neutrons,.
The exper1menta1 results_are ‘consistent with the theoretical cal-
culations when an accuracy of latter 1s taken into corlslderahon., -
. The accuracy of Q determmahon 1s + 20% and for the most .- !
. part is.a. comp051te of the accurac1es of readmg of the 1omzat10n"“j
chamber currents and a scmhllahon detector. : ‘ :
The apphcatxon of the discussed. method for QF determ1nat10n
is charged not only by the expemmental errors. but. also by-a

systemahc error of the method. The error,which is introduced by..



the method itself, is determined mainly by the relation of specific

luﬁinescence of the NE 102A scintillator upon the LET 6f radiatiori.
The evaluation of this error is difficult as the leue of specific
luminescence of the used scintillator for ‘high~ LET (heavy recoil

‘ par'hcles) is not known with good accuracy.

’I‘he comparison of QF Values, Wthh were obtained by the

method described above, with those determmed by a recombination
chamberj 18/ -for the same energy of protons 1nd1cates fo a good

; accordance of the results,
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Fig.1. Schematfc: diagram’of the detector system used 'in the eicperji- '
1,2 - electrodes of an iqnizaﬁon ‘chamber, ) S

3 -‘organic. scintillator, - : : : . St
‘4 - light pipe, o S
5 ~ photomultiplier, . s ) : S
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Fxg.2 Experimenfal arrangement of a phantom irradiation:

synchrocyclotron, -

beam path, -

polythene absorber,
bending magnet,
collimator - of proton. beam,’
investigated detectors, )
phantom, .
fonization monitor,
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Fig.3. Center line depth dose and quahty of radxatxon ¢ curves for
196 MeV proton beam, . .
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. F‘xg.4 Dose rate (mtegrated over the volume of: the 1omzat10n chamber)
-and ‘quality - of radxatlon across the beam at the depth of 5 cm - m )

. the phantom : S

;s v @ ='dose rate o

’ A - quahty of radlahon.
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