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Phillops Dosimetry
= Clinical dosimetry typically based on the PTW 30013 Farmer
determination of absorbed dose-to-water
» Measurement conditions defined in dosimetry
protocols or Codes of Practice ;
AAPM TG-51, IAEA TRS-398, DIN 6800-2 J
https://www.rpdinc.com/c/549-
= Commonly used detectors: air-filled ionization category/ptw-farmer-chamber.jpg
chambers
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content/uploads/2016/08/roos.jpg



Dosimetry - T H M

TECHNISCHE HOCHSCHULE MITTELHESSEN

» Clinical dosimetry typically based on the
determination of absorbed dose-to-water

PTW 30013 Farmer PTW 34001 Roos

» Measurement conditions defined in dosimetry
protocols or Codes of Practice

AAPM TG-51, IAEA TRS-398, DIN 6800-2 J
https://www.rpdinc.com/c/549- http://www.pbi.co.th/wp-
m Commomy used detectors: air-filled ionization category/ptw-farmer-chamber.jpg content/uploads/2016/08/roos.jpg
chambers

Calibration factor
(typically determined in °Co

Absorbed dose-to-water radiation)
Further correction factors
/ — (e.g. air pressure and
Dy =(M—Myp)-Np_ o, @ 1_[ k; temperature)
l

Measured charge
(corrected for background)

Beam quality correction factor
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Beam quality correction factor
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= Beam quality correction factor kg ¢,

= Corrects for the different response of the
ionization chamber in different beam
qualities

» (,: calibration beam quality (e.g. ®°Co-
radiation)

= (Q: user beam quality (in this work: protons)

= Corrects chamber reading by a few
percent

= If Q, is ®°Co-radiation: k) is used instead
of kg,
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Phillops Beam quality correction factor -
= Beam quality correction factor kg ¢, = Determination of kq in IAEA TRS-398 Code of Practice (CoP)
= Corrects for the different response of the ( S . )
ionization chamber in different beam wair/ g P Q (Wair)Q
qualities kQ,QO — ’

(Sw,air)QO PQO (Wair)QO

» (,: calibration beam quality (e.g. ®°Co-
radiation)

= (Q: user beam quality (in this work: protons)

= Corrects chamber reading by a few
percent

= If Q, is ®°Co-radiation: k) is used instead
of kg,
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= Beam quality correction factor kg ¢, = Determination of kq in IAEA TRS-398 Code of Practice (CoP)

= Corrects for the different response of the
ionization chamber in different beam
qualities

» (,: calibration beam quality (e.g. ®°Co-

radiation)
= (Q: user beam quality (in this work: protons) Stopping-power ratio Energy needed to
water-to-air crea.te elec_:tron-
ion pair
= Corrects chamber reading by a few Correction for fluence
percent

perturbations

= If Q, is ®°Co-radiation: k) is used instead
of kg,
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= Beam quality correction factor kg ¢, = Determination of kq in IAEA TRS-398 Code of Practice (CoP)

= Corrects for the different response of the
ionization chamber in different beam
qualities

» (,: calibration beam quality (e.g. ®°Co-

radiation)
= Q: user beam quality (in this work: protons) Stopping-power ratio Energy needed to
water-to-air crea_te elec_:tron-
ion pair

= Corrects chamber reading by a few Correction for fluence

percent perturbations
= If Q, is ®°Co-radiation: k) is used instead

of kg, = Mixture of calculated, measured and Monte Carlo data

= Assumptions for protons: Py = 1 due to missing data
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Monte Carlo calculated f, and k, factors

IAEA TRS-398 CoP is currently being updated

Monte Carlo calculated as well as experimentally
determined data for kg in clinical proton beams
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Universitit Monte Carlo calculated f, and k, factors

» |AEATRS-398 CoP is currently being updated

= Monte Carlo calculated as well as experimentally

determined data for kg in clinical proton beams beam
-
. —
= Monte Carlo calculation:
—
= Determination of absorbed dose-to-water D,, in water-filled

reference volume p—

= Determination of dose Dg4.; absorbed in air-filled cavity of .
ionization chamber —
E—
Dw —

fo= (D ) = (Sw,air)Q'PQ
det Q E—
E—
E—
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Universitit Monte Carlo calculated f, and k, factors

» |AEATRS-398 CoP is currently being updated

= Monte Carlo calculated as well as experimentally
determined data for kg in clinical proton beams

= Monte Carlo calculation:

» Determination of absorbed dose-to-water D, in water-filled
reference volume

= Determination of dose Dg4.; absorbed in air-filled cavity of
ionization chamber

fo= (Ddet)Q = (Swair)g P

_ fQ ) (Wair)Q
fQO (Wair)QO

kq

beam
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" ln the recent yearS PENH! FLUKA and ¢ this study (FLUKA) x Kretschmer et al 2020 (GATE/Geant4) O Baumann et al 2020 (TOPAS/Geant4)
GEANT4 (toolkits GATE and TOPAS)were > Gomaé Sterpin 2019 (PENH) . Loureno et al 2019 (FLUKA) Walft et al 2018 (TOPAS/Geant4)
used to calculate f, factors in clinical O Gomaet al 2016 (PENH)
proton beams IBA NACP-02

.13 © R o =

= Good agreement (~1%) between different - % -

Monte Carlo codes for low energies i ]

1121 % = D

= Larger differences up to 2% for high I é T + T ]

energies T ¢ |

1.11+- a

= Role of nuclear interactions: I :

= Probable differences in complex modelling - .

of nuclear interactions - |

» |mpact increases with energy 1'10__ L N

50 100 150 200 250
= In general, FLUKA leads to smallest energy (MeV)
Values and PENH tO IargeSt K. Baumann et al. Phys. Med. Biol. 2021
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Calculation of average Monte Carlo
calculated f, factors:

Average f, factors constant over energy
within ~1%

Overall uncertainty small (~0.3%) for low
energies due to good agreement between
different Monte Carlo codes

Overall uncertainty increases with energy
(~0.8%) for 250 MeV

24/10/2022

O average fQ

< Baumann et al 2021 (FLUKA)

O Baumann et al 2020 (TOPAS/Geant4) P Goma & Sterpin 2019 (PENH)

IBA NACP-02
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x Kretschmer et al 2020 (GATE/Geant4)
Wulff et al 2018 (TOPAS/Geant4)

1.13

1.12-

1.11F

1.10-

50
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L l !
150
energy (MeV)

| |
250

. Baumann et al. Phys. Med. Biol. 2022

Manuscript submitted
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Calculation of average Monte Carlo IBA FC65-G » IBANACP-02 % IBA PPC-05 % IBA PPC-40

calculated fg factors: x PTW 30013 x PTW Roos x PTW Markus PTW Adv. Markus
x NE 2571 — linear fit
= Average f, factors constant over energy L T ’l‘ ]
within ~1% LOE ]
S % ]
= 0.8 B ]
= Overall uncertainty small (~0.3%) for low > X X
energies due to good agreement between g - X .
: < X

different Monte Carlo codes 5 060 « X %
= L Y i
= Qverall uncertainty increases with energy = 041 E
(~0.8%) for 250 MeV ) N % % ¥ x -
2 02F % % X B
. . - - X xox X ]
= Linear fit of uncertainties demonstrates - X | | 3 ]

dependence on energy 50 100 150 200 250

energy (MeV)
K. Baumann et al. Phys. Med. Biol. 2022
Manuscript submitted
24/10/2022 Geant4 User Conference — Kilian Baumann 14



THM

ISCHE HOCHSCHULE MITTELHESSEN

Philipps | Universitat Monte Carlo calculated f, and k, factors :

Marburg e

=]
=

H

= From average Monte Carlo calculated

fq factors kg factors were derived — TRS-398 CoP (Andreo etal. 2000) — Palmans etal. 2022 @ Monte Carlo (this study)
NE 2571
= Comparison with IAEA TRS-398 CoP: 1.06F " ° T A D T T T
= Differences up to 2.4% 1.05F .
= Uncertainties for Monte Carlo N ]
calculated factors significantly smaller 1.04E ]

= Comparison with previously published 1,030
values from Palmans et al. 2022: B
1.02F l 1
= Derivation using experimentally -
determined and Monte Carlo 1.01 oS
calculated f, and kg, factors - o ]

= Description of fluence perturbations 1.00 15 20 25 30 35 40

= Agreement on 1%-level, comparable residual range (cm)
uncertainties

K. Baumann et al. Phys. Med. Biol. 2022
Manuscript submitted
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=  Monte Carlo simulations are an efficient tool for the _ IBANACPO2
calculation of fy and kg factors in clinical proton L3 ]
beams i %é
1.12_* $ a
= :ill T
» General good agreement for low energies, larger Lk ]
differences for high energies : ]
= Probably due to different modelling of nuclear or
. . 50 100 150 200 250
interactions energy (MeV)
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Conclusion
Monte Carlo simulations are an efficient tool for the _ IBANACP02
calculation of f, and k, factors in clinical proton Lisp | | ‘
beams j %é
1.12_* $
o * i
General good agreement for low energies, larger Lk
differences for high energies '
= Probably due to different modelling of nuclear Q! S S
interactions energy (MeV)
Average Monte Carlo calculated f factors are
constant over energy; overall uncertainty increases
with energy
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IBA FC65-G IBANACP-02 % IBAPPC-05 x IBA PPC-40
x PTW 30013 x PTW Roos % PTW Markus PTW Adv. Markus

overall uncertainty in %
>

0.4: / {
[ - 3 x ]
0.2F %5 % * x .
[ X x x ]
L4 * L L | L L L L L L L L .4; L L L [

50 100 150 200 250

* NE 2571 — linear fit
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Monte Carlo simulations are an efficient tool for the _ BANACP2
calculation of fy and kg factors in clinical proton bR §
beams j %é
1.12_7 $ B
0 :ill i
General good agreement for low energies, larger Lk .
differences for high energies ‘ IBAFCSG - BANACP02 % IBAPRCAS % BAPRCA0
= Probably due to different modelling of nuclear Q! S S X NE2STL — finear i
interactions energy MeV) X
.E‘O'g x "7
Average Monte Carlo calculated f factors are e x x//x
constant over energy; overall uncertainty increases e S R x ]
i L E % b
with energy 105} ; x . .
1.04E - N
. O(103;__—____-—_._-__--_______--________________E enerlSO(MeV) 200 250
Monte Carlo calculated k, factors show differences = '™} l $ l ; ®
up to 2.4% compared to IAEA TRS-398 CoP e 1 | B
1.01::____________________________________—;
0 : : 100 =5 ‘2'0""2'5""3'0""3'5"";0
Better agreement (~1%) with values of upcoming residual range (cm)
version of IAEA TRS-398 CoP
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Thank you very much for your attention!
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