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From the thesis of Mme Curie – 1904 

α, β, γ  rays in a magnetic field 
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>7000  Ion implanters, surface modification 

~1500   Acc. for industrial processing  and  research 

~1000   Research acc.  included biomedical research 

~120   High Energy acc. (E >1GeV) 

(*) W. Maciszewski and W. Scharf: Int. J. of Radiation Oncology, 2004 



CEA, Saclay - 24.11.09 - SB  9 



CEA, Saclay - 24.11.09 - SB  10 

e- + target → X 

Electron Linac 
3 GHz 

6-20 MeV 
[1000 x Röntgen] 



CEA, Saclay - 24.11.09 - SB  11 



CEA, Saclay - 24.11.09 - SB  12 

X ray beam 

Target 
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L3 at LEP 
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Beam of hadrons 
which slow down in matter 

27 cm 
Tumour 

target 
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RBE = 1 RBE = 3 

ionization 

cromosome 

40 mm from 
the end of the range 

X 
quantum 

carbon 
ion Break of a  

single/double 
helix of DNA 

electron 

Multiple breaks of 
both helixes 

cannot be repaired 
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The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your 
computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

patient 

The image cannot be displayed. Your computer may not have enough memory to open the image, 
or the image may have been corrupted. Restart your computer, and then open the file again. If the 
red x still appears, you may have to delete the image and then insert it again.

energy variation 

tumour volume 

beam 

The image cannot be displayed. Your 
computer may not have enough memory to 
open the image, or the image may have 
been corrupted. Restart your computer, and 
then open the file again. If the red x still 
appears, you may have to delete the image 
and then insert it again.

The image cannot be 
displayed. Your 
computer may not have 
enough memory to 
open the image, or the 
image may have been 
corrupted. Restart your 
computer, and then 
open the file again. If 
the red x still appears, 
you may have to delete 
the image and then 
insert it again.

The image cannot be 
displayed. Your 
computer may not have 
enough memory to open 
the image, or the image 
may have been 
corrupted. Restart your 
computer, and then 
open the file again. If the 
red x still appears, you 
may have to delete the 
image and then insert it 
again.

The image cannot be displayed. Your 
computer may not have enough memory 

The image cannot be displayed. Your 
computer may not have enough 

The image cannot be 
displayed. Your 
computer may not have 
enough memory to open 
the image, or the image 
may have been 
corrupted. Restart your 
computer, and then 
open the file again. If the 
red x still appears, you 
may have to delete the 
image and then insert it 
again.

fast slow 

horizontal 
scanning vertical 

scanning 

beam 
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SAMBA  

Strip Accurate Monitor for Beam 
Applications 

Measurement of a spot 
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Single ‘spot’        Lateral scanning with 
  magnet: 2 ms/step 

Depth scanning with 
upstream absorbers 

Third scanning by 
a bending magnet 
and movable bed 

Depth scanning 

1 2 

4 3 
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Gantry 2 

Gantry 1 

ACCEL 
SC cyclotron 

Experiment 
OPTIS 
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•  New 230 MeV cyclotron 

•  Installed in October 2008 

•  New gantry now under commissioning 

•  Treatments have not been 
stopped during the installation of 
the new cyclotron and the new 
gantry!  

• Treatments with the new 
equipment + the 2 existing rooms 
foreseen in 6 months 
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Simulated from TPS 

Measured 
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December 2006 
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PIMMS/TERA 
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IDRA 
Institute for Diagnostics and RAdiotherapy 

30 MeV cyclotron 

Linear accelerator 

LIBO 

Gantries and fixed beam lines 

for treatment and research 
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•  250 MeV, 15 tons synchrocyclotron 
mounted on its gantry 

•  10 T superconducting magnet ! 

•  First full system almost constructed 

•  Final acceleration test still to be 
performed 

•  FDA clearance pending  
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One answer : 

Multidisciplinary approach 
Some examples : 

•  Non-invasive screening (molecular markers, imaging, …) 

•  High precision diagnostics (MRI, TC, PET, SPECT, …) 

•  High precision non-invasive therapy (hadrontherapy, …) 
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