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LINAC BASED RADIOTHERAPY

• Electron, MeV photon

• Realtime Imaging. Reflexion (PET) (CT), Viewray (MR), Elekta Unity (MR), Varian Halcion 
(CT)

• Proton

• Boron Neutron Capture Therapy, (Li Target)
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https://reflexion.com/our-technology
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MRI GUIDED TREATMENT: VIEWRAY MRIDIAN LINAC 
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• Majority of electron/photon based systems

• Reliable

• Mature manufacturing process

• Compact

• Magnetron Source 6Mev

• Klystron >6 MeV

STATE OF THE ART SW ELECTRON LINAC!
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PROTON/CARBON ION BEAM SYSTEMS MOSTLY CYCLOTRON…
(UP TO 250MEV)
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• Ion Chambers for external reference dosimetry

• Ion Chamber/Diode profile array characterization

• Water Tank Scans, standard for system acceptance testing

LINAC SETUP WITH PHOTON BEAM PARAMETERS 
FOR DOSE DELIVERY
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Beam Characterization Tools



8

• Gun Grid  15V @ 15KV: 
620mA

• Water Tank Data

1D WATER TANK SCAN



TOMODOSE DIODE ARRAY PROFILE
CATHODE 15KV, GRID 15V, GUNI 662MA ADC
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BEAM LOADING FINE TUNE PROFILE 
DIFFERENCE 820MA VS 640MA GUN CURRENT
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FFF (FLATTNEING FILTER FREE) 
PHOTON BEAM PROFILE
INCREASE OUTPUT, PLANNING SYSTEM COMPENSATES FOR NON FLAT DOSE DISTRIBUTION 
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• Integration with imaging systems, pulsed EMF interference (MR), 

• Imaging detector noise from linac radiation. 

• Pulse to pulse stability without thermal equilibrium. 

• Thermal response issues with dose, gun backheating

• Dark Current from cavity cells, Gun leakage.

• Target failure, pulsed heating, long term damage, crystal structure changes.  How to set beam output?  
Balance peak Current issues vs higher rep rates to produce output.

• Radiation field uniformity for dose planning and delivery

• Accelerator tuning systems, “AFC” Automatic Frequency Control, transient response to thermal beam loading 
change, single pulse dose fill.

• Linac operation in high magnetic field, .35-1T. 

• Dose distribution distortion due to Lorentz steering of secondary electrons in magnetic field. MRI Linac

ACCELERATOR SYSTEM ISSUES
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• New IEC Dark current specification, 1% of delivered patient dose.

• High E-Field cavity wall surface emission and capture

• Gun Design, leakage due to Grid bias, Barium Deposition emission sources

ACCELERATOR DARK CURRENT RELATED ISSUES
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Dark Current Observations in the 
T18 Resonant Ring

Jim Lewandowski  SLAC
5/18/2011

5th Collaboration Meeting on 
X-band Accelerator Structure Design and Test Program  

16-18 May, 2011
SLAC National Accelerator Laboratory



Multiple Power Ramps



• Treatment system uptime and stability due to these issues.. 

• RF source failure (6 months magnetron)  

• Target Failure? Weeks to months to years depending on design.  Electron Gun Failure?  
Years?  

• Failure of Modulator, Gun Driver, waveguide arcing…

• All issues necessitate removal/replacement of components from system affecting patient 
treatment accessibility

TREATMENT SYSTEM UPTIME
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• Thyratrons.  Previous manufacturers ITT, EEV, Perkin-Elmer….?

• Pulse transformers, a key component still in Solid State Modulator.  

• Magnetrons & klystrons…

THREATS TO RADIOTHERAPY DUE TO MARKET ISSUES 
COMPONENT PRODUCTION NOT PROFITABLE (ENOUGH)
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Accelerator Radiotherapy relies upon very old designs, 1934, 1962…

Great advances recently marrying real time imaging into treatment.

New paradigm shifts are great, but acceptance of new technology takes years to filter into
the hospital.

Its an exciting and personally fulfilling area of accelerator applications to work. 

CONCLUSIONS
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