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organ at  risk
(brain stem)

tumour

organ at  risk
(optical nerves)

Courtesy GSI
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Accelerator Application Kinetic energy # Machines 

Betatron &
Microtron

Electron therapy
Photon therapy

4 – 45 MeV e–

4 – 50 MeV e–
fast decreasing,
few experimental

Electron linac
Electron therapy
Photon therapy

4 – 25 MeV e–

4 – 25 MeV e–
~4000 e- Linacs 

(standard therapy)

Cyclotron
Proton therapy
Fast neutron therapy

70 – 250 MeV p
50 – 75 MeV p or d

23 / 7 / ~30
?

Synchrotron
Proton therapy
Light ion therapy (C6+)

60 – 250 MeV p
120 – 500 MeV/u

1
3  / 1 /  4
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Treated but not cured   55% 

Cured   45% 

Surgery 22%   

Radiotherapy 12%  40% 

SU&RT combined 6%   

Other (chemo therapy)   5% 

 

}18% 
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Surgery 

Radio therapy

SU + RT
combined
Other (chemo)

No cure loco-
regional
No cure non
regional

22%

12%

6%
5%

37%

18%
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RF-Cavity 
Resonance 
Sextupole 

Betatron 
Core 

Injection 
Kicker 

 

Electrostatic 
Septum 

Magnetic 
Septum 

Chromaticity 
Sextupole 
horizontal  

Chromaticity 
Sextupole 

vertical  

Chromaticity 
Sextupole 

vertical  

Chromaticity 
Sextupole 
horizontal  

     Circumference  C = 77.64 m 
     Horizontal Tune    Qx = 1.666   
     Vertical Tune         Qz = 1.720 
     Gamma Transition γtr = 1.98 

Drawn on a 2.50 m square grid Horizontal plan view 
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Standard method:
resonance moves through beam

PIMMS synchrotron:
beam moves into stationary resonance

amplitude

tune, momentum, position (D≠0) 

stationary 
beam

accelerated
beam
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Photons 2 fields Photons 5 fields Protons 3 fields

Universitätsklinik für Strahlentherapie und Strahlenbiologie, AKH, Wien

Glandula parotid cancer

(Ohrspeicheldrüsenkarzinom)
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Bronchial cancer

Photons 3 fields Photons 7 fields

Protons 3 fields

Universitätsklinik für Strahlentherapie-Radioonkologie, Innsbruck
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IMRT  7 fields Protons  2 fields

Conformal RT  4 fields

Universitätsklinik für Strahlentherapie-Radioonkologie, Innsbruck

Cervical carcinoma
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• Hadron therapy is an important ingredient in the 
treatment of tumours.

• Cannot (and should not) replace conventional therapy -
but clearly the method of choice for certain tumours.

• Very interesting technical challenges in the field        
e.g. slow extraction, transfer line optics, rotator. 

• Presently there are worldwide several centres already 
under construction or in the starting phase.

• MedAustron could be the hadron therapy centre for the 
Central European region.


