
VACUUM TECHNOLOGY GIVES  
CANCER PATIENTS HOPE
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A cancer diagnosis affects approximately 14 million people 
around the world every year and changes their lives forever. 
Fast, targeted and effective treatment is then crucial in the fight 
against the disease. The treatment options are getting better 
and better and increase the chances of recovery. Particular 
attention is paid to the ion beam therapy. This high-precision 
and very effective form of radiation can be used to treat cancer 
tumors and keep the distressing side effects of conventional 
radiotherapy to a minimum. Prerequisite for this type of therapy 

are high-purity vacuum conditions under which the ion beam is 
generated. 

At the Marburg Ion Beam Therapy Center (MIT), the third Euro-
pean ion beam therapy system has now been opened. Just like 
the first system in Heidelberg, which was put into operation in 
2009, the Marburg treatment center also relies on the solutions 
from Pfeiffer Vacuum for equipping the vacuum system.
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The Marburg Ion Beam Therapy Center

In October 2015, the Marburg Ion Beam Therapy Center (MIT) 
was opened. Up to 750 patients per year can be treated here 
on three horizontal and one 45⁰ irradiation stations. Thanks to 
robotically controlled treatment tables, which can be rotated in 
six directions, an optimal choice of the therapy beam´s direc-
tion of incidence is possible. Ceiling-mounted robots in the tre-
atment rooms guide digital tube systems with which the posi-
tion of the patient can be determined prior to radiation and can 
be automatically fine-tuned from the treatment table. With its 
system, the MIT follows the example of the sister plant in the 
Heidelberg Ion Beam Therapy Center. Both systems work with 
the raster scanning method developed by the GSI Helmholtz-
zentrum in Darmstadt.  

Ion beam against cancer tumors

In conventional radiation therapy, which has been used for the 
successful treatment of tumors for many years, the tumors are 
irradiated with X-rays or gamma radiation. However, some 
forms of tumors are completely or almost insensitive to this 
type of radiation. With tumors that are located deep in the 
body or in locations near radiation sensitive tissue, conventio-
nal radiotherapy is also at its limits: It is technically impossible 
to irradiate the tumor with a sufficiently high dose without 
damaging the surrounding tissue.

At this point, ion beam therapy comes into play: Ions are elec-
trically charged atoms. Protons, the nucleus of hydrogen, and 
carbon ions are used at the MIT. With the aid of a particle acce-
lerator, they are brought to such high energies that they reach 
more than three quarters of the speed of light. On the last 
meters to the patient, the beam is compressed to a sharply 
delimited bundle with only a few millimeters of width and mini-
mal lateral scattering. Due to their high speed and their large 
mass, the ions have a great range in the tissue so that even 
tumors located deep in the body can be irradiated accurately 
with a high enough dose. The healthy tissue surrounding the 
tumor is thereby optimally protected from the ion beam radia-
tion. The same applies to the tissue lying in the irradiation 
angle of the therapy beam. Only at the very end of the path, 

Fig. 2: Treatment table with computerized robot at MIT

Fig.1: Treatment table with computerized robot at MIT

Source: Marburg Ion Beam Therapy Center   
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Fig. 3: Construction of the 
accelerator facility at MIT, 
Source: University Hospital 
Heidelberg 

Vacuum indispensable for producing the ion beam

Vacuum plays a crucial role for generating and accelerating the 
carbon ions used at the MIT. Only in an almost molecule-free 
space such as in ultra-high vacuum can the ion beams be pro-
duced and transported with the required quality: If an ion beam 
comes into contact with atmospheric gas particles on its way, 
it loses its energy and is deflected. For this reason, the ion 
beam must be guided and bundled in a vacuum, because only 
under highly pure vacuum conditions can the beam be accele-
rated to a very high speed and guided to the patient without 
any loss. 

The ions at the accelerator in Marburg are produced under high 
vacuum conditions in an ion source. In a plasma chamber, gas 
is heated up to plasma by the aid of a microwave. The 
emerging ions are then accelerated to a tenth of the speed of 
light in the linear accelerator. In the synchrotron, twelve 30° 
magnets hold the ion beams in a circular path. During approxi-
mately one million revolutions – this corresponds to one and a 
half Earth orbits – the speed of the ions is increased to up to 
75% of the speed of light. Due to the long distance which the 
ions need to cover without colliding, ultra-high vacuum condi-
tions are needed here. From the synchrotron, the therapeutic 
beam is guided through vacuum tubes to the treatment rooms. 

The entire path of the ion beam through the machine happens 
in a vacuum. Thus, vacuum technology is used from the ion 
source at the start of the machine until the outlet window in 
front of the patient station. 

just before they stop, the ions emit their energy to the tissue in 
one go. Then, there is a steep decline in the dose, so that the 
tissue lying behind the tumor is not affected. The treatment 
beam at the MIT can be controlled so accurately that this maxi-
mum dose precisely pinpoints the tumor.

Raster scanning method for the highest precision

Irradiation at the MIT is based on the raster scan method 
developed by the GSI Helmholtzzentrum for ion radiation in 
Darmstadt. This special irradiation method enables a level of 
precision in the irradiation which was never achieved before: 
Based on a CT data set, the tumor volume – i.e. the target area 
– is defined. This target area is then divided into different layers 
which correspond to the different penetration depths of the 
ions. For the particular points inside these layers, the number of 
ions is calculated by a computer program so that the resulting 
dose or energy distribution corresponds to the demands of the 
doctor in charge – the ion beam is “intensity modulated”. The 
scanner magnets are set and controlled in a way that ensures 
the safe, correct application of the desired number of ions to 
the particular point. This process is supervised by five measure-
ment chambers directly in front of the patient. 
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Pfeiffer Vacuum solutions enable system operation 

The challenges, which the vacuum solutions face in this appli-
cation, are substantial: Even the smallest amounts of gas in the 
accelerator system can impair the function and quality of the 
ion beam and thus the treatment. For this reason, the pumps 
used for vacuum generation must be reliable, powerful, and 
clean. Since the machine is in use 24 hours a day for 

therapeutic and research purposes, the vacuum system also 
runs 365 days a year, 24 hours a day. So the modularity and 
long service life are important requirements for the vacuum 
equipment as well. 

Given these comprehensive requirements, the MIT selected the 
most reliable and high-quality products from Pfeiffer Vacuum. 
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Fig. 4: Beam guidance system to the 45⁰ irradiation station with solutions from Pfeiffer Vacuum

Fig. 5 und 6: Accelerator facility synchrotron at MIT with solutions from Pfeiffer Vacuum

S
o

u
rc

e:
 M

ar
b

u
rg

 I
o

n
 B

ea
m

 T
h

er
ap

y 
C

en
te

r 
  

S
o

u
rc

e:
 M

ar
b

u
rg

 I
o

n
 B

ea
m

 T
h

er
ap

y 
C

en
te

r 
  



5

Solutions from Pfeiffer Vacuum 

At the Marburg Ion Beam Therapy Center, besides turbo and 
diaphragm pumps, there are also mass spectrometers, measu-
ring instruments, and numerous accessories from Pfeiffer 
Vacuum in use. The entire vacuum system is precisely adapted 
to the specific challenges of the ion beam machine. In addition, 
the vacuum system is serviced by Pfeiffer Vacuum experts as 
well. This guarantees the correct and reliable operation of the 
high quality products, even with the intensive use at MIT. 

Pfeiffer Vacuum solutions at MIT at a glance:

Diaphragm pumps

At MIT, diaphragm pumps are used as backing pumps for tur-
bopumps. Due to their compactness, the diaphragm pumps 
from Pfeiffer Vacuum are optimal for the integration into the 
system. They offer numerous advantages:

 ■ Absolutely dry, oil-free vacuum
 ■ Long diaphragm service life
 ■ Low vibration and noise
 ■ High operational reliability
 ■ Easy to maintain due to the uncomplicated exchange  

of membranes and valves
 ■ Can be used worldwide thanks to dual voltage motors  

or DC drives

Turbopumps

The turbopumps from Pfeiffer Vacuum generate the required 
ultra-high vacuum conditions at MIT. With their high perfor-
mance and reliability in combination with great economy and 
efficiency, they are the optimal answer to the requirements of 
the ion beam machine. The benefits include: 

 ■ High reliability thanks to proven bearing systems
 ■ Flexibility due to different designs, technical components 

and pumping speed classes
 ■ Fully developed pump design for high compression and 

performance
 ■ Low energy consumption
 ■ Long maintenance interval schedule

Mass spectrometers

Residual gas analysis is carried out in the vacuum system at 
MIT using the PrismaPlus mass spectrometer from Pfeiffer 
Vacuum. The combination of high sensitivity, stability and intel-
ligent handling make the PrismaPlus the optimal solution. 
Advantages at a glance:

 ■ Modular design for optimum adaptability
 ■ Compact size and high performance
 ■ Easy system integration through various interfaces
 ■ Networked through Ethernet
 ■ High measurement speed, stability and resolution

Measuring equipment

MIT uses the highly accurate vacuum gauge measurement 
instruments from the Pfeiffer Vacuum ActiveLine and DigiLine. 
These work with both analog and digital outputs. They are ide-
ally suited for the requirements of the ion beam system and 
offer numerous advantages:

 ■ Minimal magnetic stray field
 ■ Easy integration
 ■ Durable and easy to maintain

Service by Pfeiffer Vacuum

The maintenance of the vacuum equipment used is carried out 
by the service experts from Pfeiffer Vacuum. The broad service 
portfolio provides an all-inclusive package for the customer 
from which the required modules are selected:

 ■ Fast, competent worldwide service
 ■ User training and product training
 ■ Pfeiffer Vacuum original spare parts and tools
 ■ Comprehensive on-site service by our service engineers

– Commissioning of components and systems
– Overhaul, maintenance including bearing  
– replacement or repair
– Leak detection and gas analysis

 ■ Maintenance and repairs at our service centers
 ■ Exchange products
 ■ Customized service agreements to meet customer needs



www.pfeiffer-vacuum.com

Pfeiffer Vacuum GmbH
Headquarters/Germany
T +49 6441 802-0
info@pfeiffer-vacuum.de 

Sie suchen eine perfekte 
Vakuumlösung? 
Sprechen Sie uns an:
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VAKUUMLÖSUNGEN AUS EINER HAND 
Pfeiffer Vacuum steht weltweit für innovative und individuelle Vakuumlösungen,  
für technologische Perfektion, kompetente Beratung und zuverlässigen Service.

 
KOMPLETTES  PRODUKTSORTIMENT 
Vom einzelnen Bauteil bis hin zum komplexen System:  
Wir verfügen als einziger Anbieter von Vakuumtechnik über ein komplettes Produktsortiment. 

KOMPETENZ IN THEORIE UND PRAXIS 
Nutzen Sie unser Know-how und unsere Schulungsangebote!  
Wir unterstützen Sie bei der Anlagenplanung und bieten erstklassigen Vor-Ort-Service weltweit. 


