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SECONDARY PARTICLE DOSE AND
RBE MEASUREMENTS USING HIGH-
" ENERGY PROTON
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Advantages of Using Solid State

Nuclear tfrack Detectors
(SSNTDs)

Most of SSNTDs are insensitive
to beta or gamma radiations.

SSNTDs are insensitive to light,
environmental temperature
and humidity.

SSNTDs are suitable for short /
long term and low/high dose
measurements.

SSNIlIDs do not require power
supply: ter operate.

When energy levels are sufficiently high, secondary particles
with high LET are produced through nuclear interactions.
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track detectors etched with a chemical etched poly allyl diglycol
(commercially known as CR-39) was employed to determine the dosimetric and
microdosimetric characteristics
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Irradiation at the national cancer center 1n South Korea
(E : 70-250 MeV)

1. Cyclotron

2. Beam Transportation Line

3. Gantry Treatment Room

4. Fixed Beam Treatment Room
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Track detectors
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Betore etching for checking the exact etching condition
ONC COrNCT Was irradiated with 222C Tt and other corner
was irradiated by =+ Am
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| > After irradiation, each part of the CR-39
detectors was etched at 6NaOH at at
70C

» The etching time 15 h and removal
thickness was 20um

» Magnification of 1000 pixels,
> Field-of-view area :4.71 x 104 cm?.
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150 MeV

The typical etched tracks of secondary particles registered by CR-39 detector for
different proton energies of 72 and 150 and MeV.




Original
surface

New
surface

. Track Etching Velocity
. Bulk Etching Velocity
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Particle Path

Initial surface

Final surface

Track opening
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ECE TRACKS COUNTING
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Dose characteristics and clinical radiobiological effectiveness for the particles
having LET values higher than 10 keV/um can be obtained from the LET spectra by
the following

(S(E)

%1.062x10‘1° . (Gy)

where dN/dL is the number of tracks in an LET interval, L is the value of the LET
and Q (L) is the quality factor corresponding to the value of Land r (L) is the
biological weighted function.
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Proton 220 MeV

—W— LxH(92)
— M LxD(L)
—O— LxN(L)

LET, keV/um

Event number LN(L), dose LD(L), and dose equivalent LH92(L)
distributions in terms of LET for Ep = 220 MeV.
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Proton 150 MeV
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Event number LN(L), dose LD(L), and dose equivalent

LH92(L) distributions in terms of LET for Ep = 150
MeV.
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Proton 72 MeV
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Event number LN(L), dose LD(L), and dose equivalent LH92(L)
distributions in terms of LET for Ep = 72 MeV.
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Dose ratio of the secondary to primary particles foral - Gy
entrance dose for different proton energies.




Absorbed dose D and dose equivalent H for different proton energies ranging from 9.6 to 220
MeV along with the prediction of the total cross-sections for the constitutive CR-39 material
obtained using the Alice code

29.6%
(Ghergherehchi,2011, JKPS)

e 5504 523.6 185 2421 18.5%
DI 5375 436.5 114 1741 11.43%
L 404.8 85 1402 8.5%
SO 4703 384.7 75 1311 7.5%
- 317.7 254.5 84.7 731 6.2%(spurny 2001)
2 3135 251.4 74.2 607 5.4%
- 238.7 189.1 49.3 400 4.3% (spurny 2001)
DES 2237 176.7 437 337 4.1%
B 2051 162.0 28.7 292 2.9%
.20 2.7%



The calculated various secondary particles dose by GEANT4 in CR-39 and the
comparison of calculated total secondary dose ratio with experimentally obtained
values in this work. (Ghergherehchi 2012 Radiation Mesurment)

Proton Primary Ddose Hedose Odose Ndose Cdose Bdose Bedose
energy pdose ratio® ratio®  ratio® ratio® ratio® ratio® ratiod
(MeV) o total

ratio %

999

71808
1192
7900
8049
86.55
88.73
924

929

9345
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Li dose
ratio %

H dose
ratio %

1 dose
ratio %

p dose
ratio %

Total Experimentally
secondary total secondary
dose ratio dose ratio %

by GEANT4
!

- 296
- 18.5
1143
8.5
1.5
6.2
54
41
29
27
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doses for various depths in
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CR-39 as L*D(L) for a
primary proton energy of
220 MeV
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B calculation based on the microdosimetry method
for 220MeV proton beams.

Depth in CR-39(mm) 69 115 143 179 205 250
E._.. (MeV) 1& 150 130 100 72 Bragg
Dyoint (MGY) 225 \@ 147 08 753 3.1

\
D, c-(MGy) 3.4 41 55 6.8 7.4 27

D\ g1/Dyoint %0 1.51 2.29 3% 7.09 9.8 87.09

Rier(mGy) 6052 i*i 10.28 3.86







