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It is intended that the 
finalised model will be 
available for wide use as a 
verified, standard simulation 
model for all related work 
performed with the beamline. 
Therefore, the inclusion of 
beam optics information, LET 
calculations, SOBP and 
parallel model in TOPAS are 
anticipated.  

 
 

The world’s first hospital proton beam therapy facility, the Clatterbridge Cancer Centre (CCC), UK has successfully provided treatment for 

ocular cancers over the past 30 years. As the facility supports a wide range of experimental work including cell biology studies, there is a need 

for an accurate and reliable simulation model for full characterisation of the beam. A comprehensive model of the CCC delivery system was 

developed using the Monte Carlo simulation toolkit Geant4 and is described in detail alongside recent simulated and experimental results.  

Delivery System 

Geant4 

Model 

(a)  Scattering tube 

(b)   Absorbers/Modulators 

(c)  Modulation box 

 

(d)  Aluminium tube 

(e)  Collimator 

(f)   Dose monitors 

 

(g)  Cross-wires 

(h)  Nozzle 

Simulation parameters consistent 

with water tank conditions:  

• Markus IC Classic at 300V+ 

• Temp: 20.1C 

• Entrance dose rate ~18Gy/min 

• Middle of window positioned 

on beam line centre 

• Window of tank to collimator 

distance: 50mm 

• Collimator: 25mm 

Bragg Peak Measurements 

                EBT3 GAFchromic film was irradiated in 

multiple locations along the beamline to evaluate the transverse beam profiles 

and beam uniformity. 

Film Measurements 

                     A Markus parallel plane ion 

chamber was used to determine the proton depth dose in a water tank. 
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FWHM =~17mm FWHM = 27.6012mm FWHM = 36.4068mm 

FWHM = 48.4296 mm 

FWHM = 54.3561mm 

Clatterbridge water tank 

system, courtesy of A 

Kacperek 

FWHM = 42.5028mm 

FWHM =65.7013mm 

Water tank setup, courtesy of A. Kacperek 

ImageJ was used to analyse the irradiated film. Distributions of the grey pixel values by position are representative of the transverse 

beam profile (blue). Preliminary simulations were run to generate comparable transverse beam profiles at the position of each film (red).  

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under the Marie Skłodowska-Curie grant 

agreement No. 675265 – Optimisation of Medical Accelerators (OMA) 

http://www.quasar-group.org 

http:// oma-project.eu 

jacinta.yap@cockcroft.ac.uk 

0

20

40

60

80

100

0 5 10 15 20 25 30 35 40

Relative  
Dose (%) 

Depth (mm) 

Clatterbridge Proton Beam Dose Profile 

CCC

Simulation

FWHM = 46.228mm 

As indicated by the distinct differences between the simulated and measured profiles, there are still improvements to be made to the model. It is 

noted that there are errors with the calculated film FWHMs due to saturation effects and positioning misalignments. The plotted points along the 

vertical axis are of arbitrary units, as dependent on the number of simulated primaries. In terms of the model, the geometry is mostly complete, 

the simulated pristine Bragg Peak varies slightly and other issues stem from uncertainties with parameters of the primary input beam. 

BP: 30.8mm 


