NPLE

National Physical Laboratory

NPL’s progress towards absorbed dose
standards for proton beams

H. Palmans?, R. Thomas?, D. Shipley!, A. Kacperek?

1 National Physical Laboratory, Teddington, United Kingdom
2 Clatterbridge Centre of Oncology, Wirral, United Kingdom

Presented at the Workshop on Absorbed Dose and Air Kerma Standards, Paris, 9-11 May 2007


mailto:hugo.palmans@npl.co.uk

Overview

* Proton therapy and to a lesser extent ion therapy are
treatment modalities of increasing importance

« Dosimetry has not been as well established as in high-
energy x-ray beams

 NPL’s activities in improving proton and ion dosimetry:
SR project 2002-2004
Graphite calorimetry
Interaction data
Alanine dosimetry
Monte Carlo simulation of perturbation correction factors
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Topics discussed in this talk

o Calorimetry
- Graphite calorimetry in CCO beam

- Development of a primary standard level graphite calorimeter for light-
lons

e Interaction/basic data
- (Wy;), value
- Stopping powers
- Non-elastic nuclear interaction cross sections
e Correction factors for ionization chambers related to:
- Recombination
- Dose gradients
- Secondary electrons
- Non-elastic nuclear interactions
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Why protons?
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Graphite calorimetry for protons CCO _
(Palmans et al 2004, Phys Med Biol 49:3737-49
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Graphite calorimetry for protons CCO
(Palmans et al 2004, Phys Med Biol 49:3737-49

Volume/gap effects:
MC (McPTRAN.RZ)

Heat transfer: FE (Comsol)
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Graphite to water conversion 1:
Interaction cross sections

(ICRU-49 and ICRU-63)
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Graphite to water conversion 2: dose

conversion

(ICRU-49 and ICRU-63)

1.025

1.020 -

1.015 -

1.010 -

1.005 -

g X conversion

& stopping power ratio only

m stopping power ratio and nuclear

interactions

0.5 1.0

1.5 2.0 2.5 0 D(z,)=D,(z,)s,,

Water equivalent depth (cm)

Dw (Zw) == Dg ,C(Zg )"Swg +Dg N (Zg )'(GH/A)A/,Q'




Graphite to water conversion 3:
fluence correction
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Graphite calorimetry results CCO

1.00

DcaI/Dion

0.98

0.97

0.96

NPLE]

modulated beam

non-modulated beam
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Source of uncertainty Basedon®Co = BasedonQ.19  type |
for SPGC
thermistor calibration 0.10 B
specific heat 0.08 B
Figpes 1.00 B
- 0.05 A
i 0.05 A
extrapolation 0.06 B
Jor NACP-02

reproducibility 0.29 0.27 A
positioning 0.30 0.30 B
T 0.10 0.10 B
DoT 0.05 0.05 B
K=rn 0.06 0.06 B
Ko 0.00 0.00 B
Klnence 0.05 0.05 B
Korofile 0.21 0.21 B
- 0.75 0.75 B
Ko 2.10 1.40 B
W D mpocd D pe) %5 1.9

u(kg} 1.4 1.3




New standard level graphite
calorimeter for light-ion beams

(cfr Mark Bailey / this workshog

e Either calibrate ionization
chambers or measure kQ
data

e Large enough for scatter
build-up

e Light enough to be
portable

* Robustness, vacuum
operation, core size,
perturbation, alignment
and beam monitoring
considerations
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Derivation of (w from calorimeter

measurements
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Importance: new recommendation on
proton dosimetry by ICRU/IAEA

New ICRU/IAEA — Jones 2006 (Rad Phys Chem 75:541-50)
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Faraday cup measurements for range
and attenuation measurements
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Range results

Material Range (g cm=) Range (gcm2)  Difference
measured ICRU 49 in g cnr? in mm

Graphite 3.407 3.428 0.04 0.2
Polystyrene | 3.097 | 3.125 | -0.03 -0.3
PMMA 3.143 3.150 -0.01 -0.1
Aluminium 3.932 4.016 -0.08 -0.3
Al50 3.039 3.037 0.00 0.0
Lead 6.535 6.844 -0.31 -0.3
Water | 3.049 | 3.009 | 0.04 0.4
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Nuclear attenuation results

e Factor 2 to 3 higher than expected from ICRU 63 tables:
not as yet understood.

» Hypothesis: wide angle secondary protons:

Faraday cup
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Correction factors for ionization

chambers: recombination

(Palmans et al 2006, Phys Med Biol 51;

PHANTOM
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Perturbation correction factors for
lonization chambers

protons
>
>
>
>
>
>
>
>
SA\ water
D. =D -|>
water — Yair - | T . pcav ; pcel
p air

* For high-energy x-rays: typical corrections of level
1% applied since 1970’s

For protons: not applied in any recommendation
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P4is- Monte Carlo - MCPTRAN.CAVITY
(Palmans 2006, Phys Med Biol 51:3483-501)
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Pq4is- @nalytical model
Integrating the depth dose curve

(Palmans 2006, Phys Med Biol 51:3483-
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P4is- COMparison with experiment
BIDES

(Palmans 2006, Phys Med Biol 51:3483-
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Peave: SA cavity theory

L due to secondary electrons

protons
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Pwaie: SA cavity theory
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Peave & Pwaie: SA cavity theory for

FWT-IC18 type chamber
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Peave & Pwaie: Monte Carlo versus SA

cavity theory (spherr =0.25cm, A=13.2 __
keV)

Pcav,e.Pwall,e




Pcave & Pwall.e- Comparison with
experiment
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Pwain: (Simplistic) analytical model for slowing down spectra secondary
L P & o (NE2571, 150 MeVp)

due to secondaries from nonelastic nuclear interactions
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Pwain: S€CONdary p & o perturbation (NE2571) ——uuuuuuu——
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e Graphite calorimetry

Many operation characteristics, perturbation factors and heat
transfer phenomena are similar as for photons

Primary standard level calorimeter is being built
Conversion to dose to water is a serious issue

 Interaction/basic data:
Substantial contribution to (w,;), value
Range and attenuation measurements

« lonization chambers
Corrections for recombination, gradients and secondary electrons
Further work: non-elastic nuclear interactions
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