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Introduction 

· ... The parameters as :DE . , Q,E. ( ~ose equivalent, quality factor), 

: ~~c;i i~ radiation. protect~ em, in the radiation field of high energy . 

protons . have· been more. frequently a :;ubjed: ·of a theoretical than 

experimental studies. 

~ · Th~. IC~P recommendations/1/ co.ncerning Q F values for high 

energy protons .and neutrons are also ~sed on the data .calculated 

by .• Neary and Mulve.)2/. The calculations of radiati~n dose from· · ·' 

high energy nucleons. published in a rec'ent few ~ears/3-~( have 
. . . . ·' 

··.- . 

..... ~ ... ·{ 

giv:en. 11'_1ore exact data for QF and· DE in the pha.ntom5 •. An experi- · · 

mental determination ·of Q F-- . in the field of high energy nucleons 

was· an object of· the: investigations ·of .Baarli and Sullivan/9/ and 

z'ielc~Y!lski. ~t .al/
10

/ .based on ion colu~~r rec~mbination p)'1en6- .• 
' . 

_. ·· menon in gases of.an ionization chamber. Dependence cif the spe-

cific: lumin~~cence o( the orga~ic scintilla tors upon LET of charged 

Particles allow~.-to realize a new detector for an experimental deter

mination of QF of mixed radiatioJ11/. 
. , 
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In. tl;w :paper ari attempt· is' made to d~termine experimentally 

the . Q,F d.epth di~tribution in the tissue-~quivalent phantom. in the · 

200 MeV proton beam using this method • 

· Experimental Teclylique 

The .. double de_tector sys.ten~. consisting of a ~ssue ,equi,~ent 

(TE) ionization cha.rriber and ~ri organic sc;:intillation detector was 

used. The ionization chamber made of · TE · ·electrically: ,conducting 

plastic· is cylidrica.l in snape (.40 mm dia x 140· mm) with 3 mm ·.:·: 

· th~ck wall~ The NE 10 2A. · sdritillatio~ detector . ( 8 .·. nirri · dia x: 80 ritm). · 

is located inside the . ionization chamber and coupled to EMI . · 

95245 photomultiplier thr~ugh. the 'light. pipe; ~he cross 'section of . 

. the double detector ·system .is shown in Fig.l. 

The detector response in mixed (n, y ) radiation field was 

analysed/12/ and .empirical expression was derived: 

I . , 

Q = 11(1-0,91 .
8 

) • • • • 

K I k 
. (1) 

where 
Q - qualitY of radiation, measured by the double detector" syste~ 

i ~ - outp~ cU:r~ent of the scintillation_ detector, 

l.k - current of the ionization . chamber, . 

K- normalization· fac~or, which normalizes the ratio 
. 60 

for. y rays of . Co 

I ·a to i · 
.. K_II: 

.. ·.- . Factor. Q is calculated from e~pression ( 1) according to me~sur;d 
· · I and I values and within + 15o/o agree with recommended Q F 

... k • : . - .· 

values for gamma rad~ation and.·neutrons with energy from .thermal . 

up to 14.8 _MeV. · 
... 

·4 
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A narrow beam of 196 + 10 MeV protons was obtained by 

moderating 660 MeV proton beam· from JINR synchrocyclotron in 

polythene thick slab. Th~ e~ergy (momentum) . of protons, leaving 

the absorber; was estimated according to magnetic density of the 

sweep .magnet. A "slab" phantom, 100 x 100 x 30 em thick, was 

filled with a tissue equivalent liquid (mixture of water, glycerin, 

urea and su~rose) ·a.s suggested. in/13/. An experimental arra~ge-
, . . . . . - . 

· me,;f-is illustrated in· Fig. =?· The position of the c;iouble ·detector 
; ""-· •.' •·. . ' 

_-inside the phantom was adj~ted remotely. The output signals 

(i.e •.. current c;>f an ionization chamber and current from a scintilla-

tion detector. ) were simultaneously meast;tred by Ekco electro-

meters and recorded on tape •. The ionization . ch<imber was · used 

as a monitor of proton. beam stability during the experiment. . 

. . 
. Experimental Results 

· · · The currents of the ionization chamber (dose rate) and the 

scintillation detector were measured along the beam aXis as a . . . . . 

function· of depth In the tissu~ equivalent phantom. Quality of. ra-

diation:s, Q . , Was calcuiated. from expression (1). The dose~rate 
and quality of radiation, Q •. along the beam axis as . a . function 

of depth in the phantom, are shown in Pig.3. The Bragg peak, 
I 

·.which appears at the end of the proton range in the phantom, is not 

pronounced because. of the energy dispersio~ .of protons, passing 

. throug.h a thiCk slab of polythene/14/; and dose rate integration 

over the ionization chamber volume. 

· · · At 5 em depth in the phantom, the dose rate and radiation 

quality. in· the 'plane perpendicular to beam axis were estimated. 

The results are shown ·in Fig.4 •. · 

The. qualitY of . radiation, Q , for the broad beam of protons · 

were calculated ·from: 
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:£ p (£\I)Q.(£\I)I £\I 
Q= "1 1_. __ !.. . 1 (2f·· 

:£ P1 ( /). I ) I /),.I. 
1 . 1 

where: .. 
P ( L\ I ) - dose rate measured by the detector in the point 

1 . . 

I 1 

Q
1 

( /). I) - quality of radiation. measured by the detector 

in the point I 1 

£\I cross section dimension of the detector in the · 

phantom: (perpendicuiar to the bearri . direction) 

··"'I 1. - distance from the center of · ?etector to· the beam 

axis in the plane perpendicular to the beam axis. · ! 

The Q value at 5 em depth in the phantom for broad beam 

irradiation was obtained to be 1.55 ::!: 0.25. For the Q value, when 

compared with quality factor , Q F , theoretically determined by 

Zerby and Kinne)4/, a 15o/o overe~timation has bee~ o~served. . ' . - . . 

The. difference ~etween Q and Q F can occur due to nonidentity 

in relation of a specific luminescence of NE 102A_.scintillator upon 

LET and QF upon LET (aspecially for particles with low· LET), 

and p~ssible contamination of incident proton beam by neutrons. 

The experimental results. are consistent with the theoretical cal

~ulations when an accuracy of latter is taken into consideration. 

The accuracy of Q determination is + 20o/o and for the most . 
. - - ' 

' 
part is .a composite of the ac<;:uracies of reading of the· ionization 

chamber currents and a scintillation d7tector. 

The application of the discussed method for. QF determination 

is charged not only by the experimental errors but also by a 

systematic error of ·the method •. The error, which is . introduced by. 
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the method itself, is determined mainly by the relation of specific 

luminescence of the NE 10 2A scintillator upon the LET of radiatio.n. 

The evaluation of this error is difficUlt as the valu~ of specific 

luminescence of. the used scintillator for ~igh LET (heavy recoil 

particles) is not known with good accuracy. 

The comparison of QF values,· which·· were obtained by the 

method described above, with those determined by a recombination 
j 15/ . : 

chambe · for the same energy of protons indicates to a good 

accordance. of the results • 
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Fig.1. Schematic diagram of the detector system used in the experi-
ment: · 

1;2 - electrode,;; of an ionization chamber, 
3 -'organic scintillator~ 
4 - light pipe, · 
·s - . photomultiplier, 
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Fig.2. Experimental arrangement 
1 - synchrocyclotron, 
2 - beam path, · 
3 - polythene absorber, 
4 - bending magnet , · 
5 - collimator of proton. beam,· 
6 - investigated detectors, 
7 - phantom, · 
8 ~ ionization monitor; 
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Fig.3, Center line depth dose and quality of radiation Q curves for 
196 MeV proton beam, 
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. ·:Fig.4. Dose rate. {integrated over the volume of- the ioriization chamber) , 
and quality of radiation across the beam at . the dep~ -of 5 6~ :- ih. 
the. phantom 

• .-. e - dose rate . 
6. - quality of radiation. 
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