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Overview

• Background

• Gradient perturbation factors

• Delta electron perturbation factors

• Secondary proton perturbation factors 

• Future work



Background: Perturbation correction 
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Background: Perturbation correction 
factors for ionisation chamber

• For high-energy x-rays
Not a problem in the UK (direct calibrations)
International: typical corrections of level 1% (calibration in 60Co) 

applied since 1970’s

• For protons
Not applied in any recommendation, corrections are assumed to 

be negligible
Three potential sources of perturbation correction factors are and 

will be investigated



Gradient correction factors: pdis,p,
pwall,p, pcel,p

protons
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McPTRAN.CAVITY
McPTRAN.RZ
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• D in cavities
~~~~~~~~~~~~~~~~~
• Histories resumed

Chamber complete

New depth

~~~~~~~~~~~~~~~~~
• Variance reduction

Lateral range rejection
History splitting

~~~~~~~~~~~~~~~~~
• PDDIC compared 

with PDD in 
homogeneous 
water



McPTRAN.CAVITY
McPTRAN.RZ

• PTRAN’s transport algorithm (Berger 1993)
• Class I, ICRU 49 stopping powers, ICRU 63 nonelastic 

nuclear interaction cross sections
• Non-water materials, inhomogeneous geometries, 

variety of beam parameters implemented (Palmans and 
Verhaegen, PMB 42:1175 - 1997, PMB 43:65 - 1998, PMB 45:L20 - 2000, 

Palmans et al. PMB 46:1187 - 2001, Palmans MCNEG - 2004)



McPTRAN.CAVITY
McPTRAN.RZ
Truncation

• Angle: 

• Energy loss:
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1999: Universiteit Gent

• Problem: 10M histories uA » 0.04%
85h on Pentium III 2 GHz / 60 IC + 5 E = 25500h » 3y !

• 2 Chambers, 1 energy, 9 depths in a couple of weeks

• So I decided to sit back and wait…



… until 2005: NPL’s UD grid

• More than 90% of desk 
top PC’s are more than 
90% unused!

• >200 PCs configured 
with United Devices 
Grid agent software 
(option for more..)

• Ideal for Monte Carlo 
since jobs can be split 
easily: but uncorrelated 
random number 
sequences needed

• Gain from the average 
CPU is about x160 ®
5d



Monte Carlo modelling
NE2561 in 60 MeV proton beam

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

0.0 10.0 20.0 30.0

depth (mm)

D
ai

r
(M

eV
 g

-1
) 

p
er

 p
ro

to
n

 p
er

 c
m

2

Homogeneous water
Shifted � zeff,analyical

Monte Carlo
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� zeff,IAEA = 2.8 mm
� zeff,analyical = 2.5 mm
� zeff,MC = 2.6 mm
~~~~~~~~~~~~~~~~~
Reconstruction of PDD



Analytical modelling
Integrating the depth dose curve
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Analytical modelling
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Analytical modelling vs MC
-� zw,tot
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Analytical modelling & MC
Reconstruction of depth dose curve
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Comparison with experiment
PDD’s

Mobit et al. 2000 Med. Phys. 27:2780-2787

78 MeV protons

Jäkel et al. 2000  Phys. Med. Biol. 45:599-607

3 GeV 12C
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Comparison with experiment
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Delta electron perturbation  correction 
factors: pcav,e, pwall,e, pcel,e

d-electronsprotons



Monte Carlo modelling
McPTRAN.CAVITY and egsnrc
coupled

waterwall

modulating
wheel

egsnrc - ECUT=1keV, range 
rejection, sampling techniques,
(Verhaegen and Palmans 2001 
Med. Phys. 28:2088-2095)



Monte Carlo modelling
Proton and electron slowing down 
spectra
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Analytical modelling
SA cavity theory for pcav,e
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Analytical modelling
SA cavity theory for pwall,e

d-electrons SA
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Monte Carlo versus analytical results 
(spher r = 0.25cm, DDDD = 13.2 keV)
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Comparison of Monte Carlo with 
experiment
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Secondary protons

• Secondary protons in spectrum; correction < 0.1%
• Wall effect; potentially important
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Conclusions

• Perturbation corrections for ionisation chambers are  
substantial and relevant for clinical dosimetry but widely 
ignored

• Gradient correction factors: Monte Carlo, analytical and 
experiment in good agreement

• Delta electrons: combine pwall and pcav corrections can 
be up to 1% ® no reason to be ignored

• Other areas of importance for us: dose conversion 
graphite to water, alanine,



Progress and future

• pdis,p, pwall,p, pcel,p OK
• pcav,e, pwall,e ongoing

• pcav,p’, pwall,p’ initiated

• pcel,e, pcel,p’ to be initiated
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Period and aesthetics of random 
number generators


