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Some words to my person 

• Studied physics in Bonn (1981-1988) 

• Started as scientists in accelerator division at GSI in 

Darmstadt (operation section) 

• By 1993 became deputy group  leader for beam 

diagnostics 

• In 1999 I shared the team for the HIT accelerator, being 

responsible for the beam diagnostics equipment  

• End of 2000 I became the group leader  FAIR project 

• Break in 2006, offer to become head of operation at HIT 

 switched over to Heidelberg 

• Since 2011 we work on spreading the ion beam therapy 

method to another site, three years of negotiations 

• 2014: Start to build up another team for MIT in Marburg   
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Outline 

• Motivation for Ion Beam Therapy 

• Combined Linac / Synchrotron Technology used for 

Particle Therapy 

• The HIT Facility and its Specialities, e.g. the first 

world-wide Scanning Ion Gantry 

• HIT Accelerator and its Tasks: Operation, 

Maintenance and Developments 

• Doubling the Capacity: MIT, a second Site at 

Marburg (Germany)  Commissioning and 

Recruitment of Accelerator Personnel  
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Motivation for Ion Beam Therapy 

 Dose reduction in Normal tissue 

Therapy beam 

X-Rays (photons)  

do not slow down 

Protons and Ions  

stop in the tumor 
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Tumor was successfully treated (photos 5 years later), 

but assymetrical face growth remains as a side effect 

X-Ray Treatment (Rhabdomyosarkom) 

Motivation for Ion Beam Therapy 
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Motivation – Tumour Conformal Irradiation 

X-Rays / IMRT (9 fields) Carbon ions (2 fields) 



4th Workshop in Berlin – Scientists go Industry 7 

Biological Depth-Dose Distribution of 6cm SOBP
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Physics and Biology of radiation therapy 
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Ion beam therapy of a pregnant patient with a subcranial tumor 

Total therapy: Fetal dose corresponds to a 8 hour long-range flight 

Motivation for Ion Beam Therapy 
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It does not need an accelerator like this… 

LHC at CERN, 

27 km circumference 

Superconducting magnets 

with up to 8 Tesla 

…to carry out cancer therapy 
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Synchrotrons – principle layout 

Injector linac with 

energies of some 

MeV/u:                 

 v ~ 10% c 

Magnetic rigidity: 

p  2,26 Tm       

C  6,6 Tm 

With ~ 50% fill 

factor for dipoles: 

p  ØSync ~ 6 m 

C  ØSync ~ 18 m 
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Synchrotron facility – operating parameters 

Ions             :      p   12C6+ 

 
• Energies (MeV/u)         :      48   88     

 
(255 Steps)                      -220   -430 

 
• Variety of Beam Focus   :        4 - 10 mm (2D-gaussian)   
 

( 4/6 Steps) 
 

• Intensities  (Particles/s)  :        8x107 – 2x1010        2x106 – 5x108 
   
 ( 10/15 Steps) 
 
• Beam line settings for several treatment/research rooms 
 
Settings have to be found semi-automatically (good physical theory 
 
support needed!) and stored in flash memory libs in the front-end 
 
controllers (with database backup). 



4th Workshop in Berlin – Scientists go Industry 12 

HIT – An Overview 
Compact building (60 x 70 m2, 

3 levels), directly linked to the 

“Head Clinics” of the            

 University Hospital and

 besides NCT 

Layout of the 

accelerator facility 

Patient treatment started 

at 15th November 2009 
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HIT Accelerator System 

Injector 

Ion sources 

Synchrotron 

HEBT+Gantry 

Medical Areas 
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HIT – The Injector 

Injector: 2 ECR ion sources 

(8 keV/u) for proton and 

carbon ions… 

… and following a RFQ 

and an IH-DTL linac  

7 MeV/u end energy 
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HIT - Synchrotron and HEBT 

Synchrotron: 6 dipoles 

with 60° bending and 12 

quadrupoles 

High energy beam transport 

(HEBT) to fixed beam treat-

ment rooms, gantry and 

research facility 
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HIT – Fixed Beam Treatment Rooms 

Isocentric Rotation +/-100° 

 Step On Position 650 mm 

Pitch max. +/-15° 

Roll max. +/-15° 

B
e
a
m

 e
x
it 
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HIT – Ion Gantry Treatment Room 
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… and what is behind the wall! 
Worldwide 

first 

isocentric 

ion gantry – 

including a 

scanning 

system: 

Ø = 13m  

25m long 

600 tons 

overall 

weight 

0.5 – 1 mm 

max. 

deformation 
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HIT Accelerator Team 

 First employments directly 

after HIT GmbH foundation 

in 2004 

 Building up of the 

accelerator team from a 

core to the full operating 

crew within four years 

 Training of the team done 

at first by GSI, later on also 

by companies and 

especially “in-house” 

 Internal organization of 

three technical teams and 

a machine tuning crew  
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Team IS/BD/VC/Gantry (1) 

Systems: 

Ion Sources, 

Beam Diagnostics, 

Vacuum, 

Magnets, 

Gantry 

Infrastructure: 

Operating Gases, 

Detector Gases, 

Compressed Air 

Personnel: 

 

1 Physicist,  

2 Engineers,  

3 Technicians 

Team RF/PS/CV (2) 

Systems: 

Radiofrequency, 

Power Supplies, 

Cavities 

 

Infrastructure: 

Cooling System, 

Electricity Supply 

Personnel:  

2 Engineers,  

3 Technicians 

Team ACS/IL/RP (3) 

Systems: 

Accelerator 

Control System, 

Interlock System, 

Personnel Safety 

System 

Infrastructure: 

Timing-System, 

Computer-Network 

for the Accelerator 

Personnel: 2 Physicists,  

  

3 Technicians 

3 Technical Teams 

Head Accelerator Operations 
(Physicist) 

In total 20 employees: 7 Physicists, 4 Engineers and 9 Technicians 

(plus 2 Working Students with mini-jobs) 

3 Physicists with special tasks, e.g. radiation safety  all physicists form the machine tuning crew 

Structure of the HIT Accelerator Staff 
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Responsibility for the Accelerator Subsystems 

Accelerator 

subsections 

On-call Duty 

(1st Level Support) 

2nd Level 

Support 

Maintenance 

Ion Sources, 

Vacuum, Magnets, 

Beam Diagnostics, 

Mechanics 

Team 1 No Team 1 

Gantry Team 1 Yes (partly) Supplier 

(HIT) 

Power Supplies Team 2 No Suppliers 

RF-Systems Team 2 No Team 2 

Control System, 

PSS, Interlock 

Systems 

Team 3 Supplier Team 3 

(Supplier) 

Technical 

Infrastructure 

KTG 
(Clinics Technics Company) 

(Suppliers) Suppliers, 

ext. Coord. 
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HIT Accelerator Shift Operation 
 Starting in 2007: Establish regular 

shift operation from 16/5 to 24/7 

mode for further commissioning 

steps including therapy control 

system evaluation 

 Daily operation consists of 

supplying beams for different 

purposes, doing “Therapy 

Protocols”, analysing and fixing 

errors, etc. 

 In the first two years one main task 

was to help the supplier company to 

consolidate the control system 

 Troubleshooting: e.g. a destroyed 

magnet connection box – managing 

repair within two days 
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biophysics 

experiments 

plan  

verification 

Typical Day at HIT 

photo by R. Cee 

film by P. Heeg 

24/7 rotation, 2 operators per shift  
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HIT Accelerator Operation 

 Daily Accelerator QA  retuning of 

linac, synchrotron and HEBT only 

every 3 – 4 months except 

intensity readjusting (daily – 

weekly) 

 Daily intensity checks and … 

 Routine operation fully established 

 Achieved availability of > 98% in 

average – no longer break than 3 

hours at daytime 
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Online and Daily Checks of Beam Parameters 

Online measurement 

of LINAC energy 

stability 

 
(Data of 5th March 2012) 

 

Profile checks Position checks 
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HIT Operation - Statistics 

Now 5 years 

of medical 

operation 

in total: 

~2500 

patients 

treated ! 

 

2013: Major 

Upgrade of 

IONTRIS Treatment 

Software 

(Numbers 

for 2014 

forecast) 
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An Example for Research and Development at HIT: 

Dynamic Intensity Control 
 HIT uses scanned beams for tumour treatment  
 Adjustable but predefined amplitude curve drive the transverse RF-

knockout exciter producing more or less rectangular shaped spills. 

Treatment time per voxel ~ some ms 
(Animation by courtesy of  Siemens) 

 A feedback loop has been 

implemented to avoid 

imperfections  see jk. 

 Next step: A dynamic 

intensity adaptation during 

one spill with respect to the 

particular treatment plan 

was investigated. 

 Shortening of  treatment 
times of  20 – 40% possible! 

     In operation  since  
    April 2014! 
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Marburg Ion Beam Therapy Centre (MIT) 
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MIT 

HIT 

Marburg Ion Beam Therapy Centre (MIT) 

Both Facilities 

in Comparison 
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Marburg Ion Beam Therapy Centre (MIT) 

Horizontal 

Treatment Rooms 

Treatment Room 

with 45° Beam 



4th Workshop in Berlin – Scientists go Industry 31 

Text Text 

Marburg Ion Beam Therapy Centre (MIT) 

Actually: Maintenance, 

Commissioning Planning 

and …. 
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Marburg Ion Beam Therapy Centre (MIT) 


