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Executive Summary 
 

 

 

The wide use of synchrotron facilities for carbon ion radiotherapy is relatively new and, although it has specific 

radiation protection challenges, it can be stated that it is a thoroughly understood topic. There is a broad spectrum 

of Monte Carlo codes that allow detailed simulations at the architectural design phase that secure from any strategic 

errors in design and in advance predict any potential radiation issues that can be taken care of in a timely fashion. A 

number of instruments are suitable for radiation survey of facilities such as heavy ion radiotherapy centres. Legal 

frameworks are developed sufficiently to provide independent verification of safety of workers, visitors and patients 

for various radiotherapy facilities but the future host of SEEIIST Institute would be well advised to update its legal 

framework with recent specific requirements of carbon ion radiotherapy, such as IAEA: Regulatory Control of the 

Safety of Ion Radiotherapy Facilities [1]. It is entirely feasible to provide adequate radiation protection for carbon ion 

radiotherapy and research facilities at a reasonable cost. 
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Cancer is a key public health issue worldwide. It is estimated that there were 18.1 million new cancer cases 

and 9.6 million cancer related deaths in the year 2018 [2]. It is expected that cancer, which is a collective name for 

several hundred malign diseases, will become the leading cause of death in the world and also become a key barrier 

to extension of natural human life for every country in the world [2]. But the incidence and mortality of cancer is 

critically dependent on available prevention, timely diagnosis and treatment. Key modalities for cancer treatment are: 

immunotherapy, hormone therapy, chemotherapy, surgery and radiotherapy [3]. 

 Radiotherapy is a procedure of treating oncological and other diseases using ionizing radiation, whereby 

various technical means are used to irradiate the cancer site with high energy radiation while sparing the surrounding, 

healthy tissue. A fundamental fact of radiotherapy is that malignant tumor cells are more sensitive to exposure to 

ionizing radiation compared to the healthy tissue cells [4]. Radiobiological, a key effect of ionizing radiation is caused 

by damage to deoxyribonucleic acid (DNA), which is a critical target within cells. These damages are caused either by 

the direct interaction of radiation with atoms in DNA molecules or through intermediate paths, by the formation of 

chemical compounds that interfere with function, replication, and the repair of the DNA [5]. Radiotherapy is a ver-

satile tool in the fight against cancer and can be used in a variety of ways with most common roles of radiotherapy 

in treatment are: primary therapy, neoadjuvant, adjuvantal, palliative and prophylactic [3]. Radiotherapy is further 

divided into: brachytherapy, radiopharmaceutical therapy and external beam radiotherapy (EBRT) [6, 7, 8]. External 

beam radiotherapy is most often carried out by high-energy photon radiation. Today, there are at least 14 890 

teletherapy units in medical use worldwide, most of them being linear accelerators capable of producing photon 

beams, with diminishing share of radioactive isotope teletherapy units which are phased out due to inadequacy for 

modern medicine application and proliferation concerns [9]. New and exciting application of proton and heavy ions 

therapy in radiotherapy is on the rise, with 111 particle accelerators, 12 of which are capable of accelerating carbon 

ions [10]. The perspective of particle radiotherapy is very attractive because it allows irradiation of tumour volume 

with simultaneous considerable sparing of adjacent healthy tissue.  

 The South East European International Institute for Sustainable Technologies (SEEIIST) was proposed in 2016. 

Currently, nine participants from Southeast Europe are members of this initiative, in alphabetical order : Albania, 

Bosnia and Herzegovina, Bulgaria, Greece, Kosovo1, Montenegro, North Macedonia, Serbia and Slovenia) and the 

initiative strives to set up large scale scientific and medical infrastructure which would attract scientific talent in the 

Southeast Europe region and also provide the medical application of carbon ion radiotherapy.  To do so, the SEEIIST 

Therapy Facility would be based on a synchrotron accelerator capable of providing several heavy and light ion species 

beams at intensities beyond those available at currently operated ion treatment facilities [11]. This would allow a 

broad spectrum of research opportunities, such as the research on FLASH-RT - very high dose-rate radiotherapy, 

which is a recognized pathway for the future development of radiotherapy [11]. To be able to provide a safe working 

and treatment environment, one of the key aspects of this project is radiation protection considerations. Detailed 

and thorough radiation protection design study is required for SEEIIST to comply with regulatory standards. The 

SEEIIST accelerator design itself is assumed to be based on PIMMS study, but the key technical parameters required 

as input for such radiation protection study are not yet finalized [11]. Therefore, this document provides a bird view 

of key aspects of radiation protection for heavy ion radiotherapy and research facilities such as SEEIIST.   

  

                                                
 

1  This designation is without prejudice to positions on status, and is in line with UNSC 1244 and the ICJ 
Opinion on the Kosovo Declaration of Independence.’ 
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2.1. Regulatory frame in Southeast Europe 

The international system of radiation protection is organized around ground principles laid out by the International 

Commission of Radiological Protection (ICRP). Building on those principles, the European Union (EU) and International 

Atomic Energy Agency (IAEA) have developed legal frameworks of radiation protection applicable to the countries 

of SEEIIST initiative. Members of the SEEIIST initiative that are already members of the EU were obligated to adopt 

the EU directive regarding radiation protection 2013/59/EURATOM and the rest of the countries have unilateral or 

bilateral commitment to adopt these Basic Safety Standards into its national regulations [12].  Since the site of the 

SEEIIST institute is not yet selected, the exact details of the particular national radiation protection laws governing 

the construction are not known, but all the countries from SEEIIST initiative that are not members of the EU, have 

declare their intention to join EU in the future, therefore it is expected that legal framework regulating radiation 

protection should be harmonized across the Southeast Europe. For the purpose of this overview, any specific require-

ment regarding radiation protection will reference 2013/59/EURATOM. 

 

2.2. Dosimetric quantities 

The very basic quantity that can be measured using an ionisation chamber is exposure with the unit C kg−1. Measuring 

exposure is not particularly informative in radiation protection, up to mere detection of the presence of radiation. 

More useful quantity in radiation protection is air kerma measures the average amount of energy transferred from 

indirectly ionizing radiation, such as photons and neutrons, to directly ionizing radiation (e.g. electrons). Its unit is 

Gray (Gy = J kg-1). Absorbed dose to organs also measured in Grays.  Equivalent dose can be derived from organ 

dose or air kerma and takes into account the specifics of physical interaction of the type of radiation to which the 

organ is exposed. There are multiple publications that deal with this issue in depth, but what is important to empha-

size here is that the weighting factor for neutrons, which are of primary concern in radiation protection for ion 

treatment, is a continuous function of its energy. Weighting factors essentially measure the detrimental effect of 

radiation with respect to absorbed dose inflicted with photons and, if energy is not known, a conservative value of 

10 is assumed. Effective dose is a sum of weighted equivalent doses for individual organs multiplied by the tissue 

weighting factors and it is calculated from measured air kerma, factored by radiation and tissue type. This is a key 

radiation protection quantity because legal limits for exposure of humans are set in effective dose. The unit for 

effective dose is Sievert (Sv = J kg-1) Since effective dose cannot be measurable directly, several other so-called 

operational quantities are introduced - personal and ambient dose equivalent Hp(d) and H*(d), respectively. Many 

radiation detectors are calibrated for ambient dose equivalent readout, which is related to dose equivalent at depth 

d for ICRU sphere which is irradiated from one direction. Personal dose equivalent is typically output of personal 

monitors, due to self-shielding is always smaller than survey meter readings and is considered that Hp(10) is a con-

servative estimate of effective dose.   

2.3. Radiological areas, dose limits and constraints 

Radiation protection is formulated through several concepts that need to be presented. Foremost, different standards 

of protection are afforded to different disjoint groups of individuals:  

 

● Occupationally exposed workers 

● Members of public 

● Patients.  
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Occupationally exposed workers are individuals who are exposed to radiation in the normal course of their work. 

Patients are individuals who are prescribed by qualified medical professionals to be exposed to radiation for diagnostic 

or therapeutic purposes.  Members of the public are all individuals who are not part of the previous two groups. At 

any given time, every individual is a member of one of these groups dependent on circumstances and accordingly 

afforded legal protection. Occupationally exposed workers are workers who may be exposed to effective dose larger 

than 1mSv annually in the normal course of one's work. This group is further divided into category A and category 

B. Category A workers are limited to the effective dose up to 20 mSv in any single year. Exceptionally, national law 

may elevate this limit to 50 mSv per year with the restriction that the average annual absorbed dose is less than 20 

mSv over a period of any five consecutive years.  Category B workers are limited to the effective dose up to 6 mSv in 

any single year. Members of the public are limited to effective doses up to 1 mSv annually. Patients do not have legal 

limits of exposure. The doses resulting from diagnostic or therapeutic treatments are orders of magnitude larger than 

legal limits on other two groups and primarily depend on the intent of the treatment. Therefore, medical profession-

als who prescribe such procedures have principle responsibility for radiation safety of their patients, following fun-

damental principles of radiation protection, justification and optimal use. All these doses are assumed to be inflicted 

upon individuals by regulated sources; therefore they do not include natural sources of radiation. Also, there are 

further legal limits regarding equivalent dose to surface organs, but these are not of immediate interest to this Report.  

 Sources of radiation are categorized 1 - 5, with category 1 being most dangerous sources and category 5 

least dangerous sources. To regulate the behaviour of individuals around radiation sources, a layered approach has 

been devised with following areas that envelop the radiation source: 

 

● Inaccessible areas  

● Controlled areas  

● Supervised areas 

● Public areas 

 

Inaccessible areas are those areas where radiation levels are such that there is no valid reason to allow anyone's 

presence except perhaps a patient. Not all sources have inaccessible areas as lower category sources don’t have 

hazard levels to justify such restrictions. Controlled areas means an area subject to special rules for the purpose of 

protection against radiation. Not all sources have controlled areas. Physical access to controlled areas is restricted 

through security means. Supervised area  means  an  area  subject  to  supervision  for  the  purpose  of  protection  

against  ionising  radiation. Public area is an outmost area without radiation exposure concerns. Designation of areas 

is done during radiation protection assessment. It should be pointed out that the designation of an area is not 

permanent and it may change depending on the operational status of the machine and other parameters. For exam-

ple, if the machine is turned off for maintenance, areas inaccessible during operation may become supervised areas. 

Also, future SEEIIST accelerator design may include an ion production section that essentially uses only parts of the 

accelerator system so during such utilization; other parts of the system may be accessible. Details of the access 

restriction system shall be developed after the technical and procedural details of the accelerator system become 

available and full shielding design study conducted.  

Another important issue when designing a radiation protection of a facility is that target levels of exposure 

are not set by dose limits but by dose constraints. Dose constraint is a regulatory instrument that is closely related to 

the dose limit and usually has a value of a small fraction of the dose limit. So, by designing radiation protection with 

dose constraints as a goal exposure, it is ensured that workers are exposed only to a small fraction of legal dose limits 

during normal exposures of radiation sources but creates a safety margin in case of unwanted potential exposure.  



SF(16) – SEEIIST – Deliverable Task 2.6 
 
 
 
 

10 

Finally, the radiation protection does not only depend on physical properties of the accelerator system and 

shielding elements but also on how it is operated and required presence of the staff. The expected use of the machine 

is described through workload. Workload of ion accelerator is derived from assumptions about operational energies 

and ion current, their share in the total beam time, typical use of different subsystems such as energy degraders and 

gantry orientations. Workload also includes beam losses in beam transport lines and optics. The presence of workers 

and the public is described as occupancy factors. These factors are numbers assigned to each room that may be 

exposed to radiation and describe the share of time that a member of the workforce or public is assumed to be 

present in a particular room. Such a set of factors allow estimation of expected exposure during normal operating 

circumstances. 

2.4. Calculation methods 

There are some key differences when calculating radiation shielding for between ion and photon radiotherapy. In 

photon therapy, the accelerator is placed in a single room (“bunker”) enveloped in shielding elements that block 

primary beam emitting from radiation source (“useful beam”) and secondary photon radiation, which come from 

scattering from objects in the room or leaking from the source itself. If the photon beam energy is high enough, a 

number of photoneutrons are generated in high-Z elements of the accelerator with typical energy of the order of 

1MeV. Such photoneutrons generally are less penetrable than photon radiation. With the possible issue of neutron 

dose rate at the bunker door that needs to be carefully considered, as a guiding estimate, if the barrier is enough to 

block photon radiation - it would also be able to block photoneutron fluence. The situation is exactly reversed in the 

ion therapy. While a primary beam (protons or ions) generally deposits all of its energy into the target of irradiation, 

a shower of secondary radiation is generated. Key components of this secondary radiation are high energy neutrons. 

In this situation, the goal of the radiation protection calculation is to predict shielding elements so they sufficiently 

block induced neutron flux and, if successful, it will also block secondary radiation of other particles (e.g. photons, 

protons etc). Another difference is that heavy ion accelerators are considerably larger and shielding needs to take 

into account all elements of the accelerator, from the injector, the synchrotron, and beam transport lines that are 

situated in several rooms. Also, one ion accelerator may serve multiple bunkers so lack of active beam in any one 

bunker is not an indication of the beam status in the other parts of the system.  

Generally, two different methods of calculation in radiation shielding design are available; analytical calculations and 

Monte Carlo calculations. 

 Analytical methods 

Analytical methods are more simple methods that may be used for the planning of the bulk shielding, but are con-

siderably more inaccurate than Monte Carlo methods. Their key advantage is their simplicity and fast results accurate 

in order of magnitude, but should not be relied on to calculate precise dose rates outside of shielding. In a nutshell, 

analytical methods are simplified descriptions of physical events where one considers a hard scattering event of a 

particle in the primary beam and accompanied distribution of dose equivalent as a function of energy of scattered 

particle, the angle of deviation and distance to the reference point. There are a number of analytical methods devel-

oped with a particular application in mind [13]. They are usually applied in the early stages of radiation protection 

concept development and are easy to use and obtain results. Their drawbacks are the very simplistic assumptions, 

limited applicability to simple planar geometries, and limitations of target materials and geometry [13]. 
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 Monte Carlo methods 

Available computing capacities allow efficient and precise modelling of radiation protection elements 

through powerful Monte Carlo (MC) methods. Unlike analytical models, MC methods are stochastic in nature and 

allow one to perform complex radiation protection simulations with high precision in a few hours or days. It typically 

takes more time to properly set up the simulation than it takes a computer to calculate results with low statistical 

uncertainty. These MC methods are implemented in different programs or so-called “codes”. A number of such 

codes were successfully applied to calculation of radiation shielding parameters, such as FLUKA, GEANT4, MARS15, 

MCNPX, PHITS and SHIELD/SHIELD-HIT.  

 Application of these codes may target several different aspects of radiation protection. Foremost, there is a 

shielding design where MC codes allow careful optimization of complex access mazes, ducts, wall materials, and 

wall thicknesses that would be impossible to describe with analytical methods. Used MC code should be able to 

describe interactions of hadrons and nuclei with energies up to a few hundred MeV/u in arbitrary materials [13]. 

Because exposures behind shielding are typically caused by neutrons, an accurate description of double differential 

distributions of neutrons and light fragments emitted in an interaction, as well as their transport through the shield 

down to thermal energies, is vital [13]. For ion beams and shielding in the forward (beam) direction, a detailed 

treatment of projectile fragmentation by the respective code is of equal importance [13]. Furthermore, MC code 

should allow the parallel output not only of the neutron doses, which are dominant, but also for generated electro-

magnetic processes that may contribute up to 20% of the dose [13]. It is also critically important to model the 

response of the radiation detection instruments that are to be used for radiation survey. Radiation monitors may 

generally have an enhanced response to electron-photon showers which should be accounted for to achieve con-

sistency between radiation protection modeling and radiation survey after construction [13]. In a typical radiation 

shielding study, an iterative workflow is applied where the results of architectural design and radiation protection 

designs are fed to each other until a satisfactory result is reached in both of those aspects; functional placement of 

the accelerator, treatment and control systems on one side and reaching legal goal limits for exposure to secondary 

radiation for occupational exposed workers and members of public [14].  

Another application of MC codes is estimation of secondary doses to the patient, directly through the calcu-

lation of energy deposition in individual organs by using phantoms. Finally, another key use for MC codes is so-called 

activation studies. Namely, building construction elements that provide shielding and parts of the accelerator system 

can themselves become radioactive under intense exposure to particle radiation. It is vital to simulate these so-called 

activation processes because the decay of activated materials also emits ionizing radiation that needs to be accounted 

for. Shielding material choice can be optimized in the design stage to reduce later cost of operation by minimizing 

temporary access restrictions that result from precautionary radiation protection measures to allow activated mate-

rials to decay or “cool down”.  

As previously mentioned, it usually takes more time to prepare the input for MC code than it takes a computer 

to calculate the result. Therefore, ergonomic design of the code, such as the use of graphical user interface to pro-

duce input and present output, is important. Capability to open different 3D model file formats may be preferable 

than manual input because reduced probability of error. In the end, nothing can replace a competent overview of a 

radiation protection expert who has understanding of the process and experience of the workflow. This can optimize 

the building design and save the cost of correcting any error detected during or after the construction of a radiological 

object. 

2.5. Shielding materials 

 The output of the radiation protection modelling is the required attenuations of secondary radiation for 

each enclosing surface of a radiological object to comply with legal limits of exposure. But the selection of the 
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materials to realize such attenuation depends on many different factors unrelated to radiation protection, such as 

architectonic and construction requirements, as well as requirements of supporting infrastructure. Typical materials 

used for radiation protection are earth, concrete and steel. Other materials, such as lead, premanufactured blocks or 

hydrogenous materials (polyethylene, paraffin) are used to a limited extent and for special purposes.  

 Earth 

Earth is often used as shielding material at underground accelerator facilities. Its primary content is silicon dioxide 

and up to 30% water, which makes it suitable for radiation protection from neutrons as well as photons [13]. Another 

advantage is its relatively cheap and commonly available. Pitfalls of using earth are common cracks and voids, which 

are avoided through careful compactification of the barrier and water amount is varying, which should be controlled 

because loss of hydrogenous material means loss of neutron shielding efficiency. 

 Poured concrete 

Concrete is a mixture of aggregate, sand, cement and water and it is the most used material for construction of 

radiotherapy objects [15]. The chemical content of the concrete can be controlled to achieve desired properties of 

the barrier. Sometimes, different additives of high-Z are added to concrete to achieve higher densities, thus reducing 

barrier thickness. Construction contractors need to have expertise in handling and using such material as they usually 

affect other properties of the concrete. Their higher price may be justifiable if selectively used, for example in primary 

barriers in combination with common concrete for second barriers [15]. Other advantages of concrete are it can be 

poured in essentially any configuration, it is commonly available and relatively inexpensive. Its bound water content 

contributes greatly to neutron shielding, if the recommended water content is kept at 5% after initial evaporation 

of free water. Concrete is usually reinforced with steel rebar, which makes it more effective for neutrons [13]. 

 Steel 

Steel is an iron alloy, particularly useful for shielding neutrons and photons. Its high density and excellent mechanical 

properties makes it an excellent shielding material against photons and fast neutrons. Its relatively high prices makes 

the use of steel justifiable in a limited number of situations, for example where space is at price. Downside of using 

steel is its limited capabilities of slowing down neutrons of below certain threshold energies, so special care must be 

taken to secure additional barriers for slow neutrons beyond steel barrier. Such composite barriers usually employ 

paraffin or borated polyethylene which efficiently slow down neutrons and/or capture them. Another high density 

layer may be needed beyond the low-Z barrier to protect from capture gamma radiation. 

 Lead 

Lead is a dense, high-Z, soft metal with the primary role of protection against photon radiation.  Lead does not have 

adequate mechanical properties for stand-alone use, so it needs to be additionally structurally reinforced. It does 

provide protection from very high energy neutrons through inelastic scattering which ceases below certain energies.  

Lead is toxic, so appropriate precautions with handling this material must be carried out. 
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 Pre-manufactured concrete blocks 

There is a market for pre-manufactured concrete blocks for the purpose of radiation protection. Such blocks usually 

have densities 50%-100% larger than common concrete. They are produced in interlocking geometries so the barrier 

integrity is maintained if assembled correctly. These can also be used for architectural circumstances that require 

special radiation protection attention. 
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As previously said, final design elements of the future SEEIIST synchrotron are not yet available. Also, patient 

workload, average number of fractions, used energies, values of therapeutic currents, type and amount of radioactive 

material production is a required input of a radiation protection study. Therefore, it is not possible to neither go in 

depth into issues of radiation protection of such a facility nor apply methods discussed in previous sections of this 

Report. But since SEEIIST accelerator will be based on PIMMS study, it is worthwhile to make a comparison of radia-

tion protection design of different heavy ion therapy facilities, ones based on the same design, such as CNAO, Italy 

and MedAustron, Austria and other based on different basic design, such as Gunma University, Japan and HIT Hei-

delberg in Germany [16]. 

3.1. CNAO  

CNAO (it. Centro Nazionale di Adroterapia Oncologica) is a radiotherapy facility located at Pavia, Italy. It houses a 

synchrotron that is capable of delivering proton therapy at maximum energy of 250 MeV or carbon ion therapies at 

maximum energy of 480 MeV. Accelerator serves two horizontal beam treatment rooms, and one horizontal-vertical 

combination treatment room. Two gantry rooms will be added in the second stage. The design of the accelerator 

system is based on PIMMS study [15]. The synchrotron is shielded by a 2 m thick concrete wall which is augmented 

by 5 m to 7 m earth layers. Inside the synchrotron there are additional local concrete shielding elements. The floor 

shielding is approx. 3 m and the roof shielding ranges up to 2 m. Dose restriction used in design is an averaged dose 

rate of 0.5 mSv/h resulting in 2 mSv of annual dose [12]. Most recent radiation protection simulation of CNAO was 

done in 2006 with several conclusions that are of principal interest to the design of SEEIIST synchrotron [16]. Firstly, 

with high-energy neutrons, the barite concrete gains twice the activation than the common concrete without any 

relevant dose reduction. This should be taken into account when making material choices for radiation protection 

design. Secondly, it confirms the discrepancies between ambiental dose and effective dose in cases where the neu-

tron radiation is the dominant component in the medium–high energy range. Because of this reason, one shouldn’t 

be overly reliant on analytical models without insight to all assumptions of the model as the ambiental dose does not 

offer conservative estimates in the regime of interest. Monte Carlo simulation of radiation protection was modelled 

in FLUKA code [17]. 

3.2. MedAustron 

MedAustron is a radiotherapy facility located in Wiener Neustadt, Austria. It will provide proton beams with maximum 

energy of 800 MeV (non-clinical) and 250 MeV (clinical) and carbon ion beams up to 400 MeV/u for cancer treatment.  

The Monte Carlo Code FLUKA was used to estimate radiation protection measures to comply with Austrian law [16]. 

Design dose restrictions were 0.1 mSv, 0.6 mSv and 2mSv for public, supervised and controlled areas, respectively. 

The MedAustron has four irradiation rooms, three of which will be used for radiotherapy (one with horizontal beam, 

one with horizontal-vertical beam and one with gantry) and fourth room is for non-clinical use which is closer to 

future SEEIIST accelerator use than CNAO. Variance reduction techniques were used to make MC simulations more 

efficient, namely exponentially growing layer importance biasing was used. Estimates of beam losses in beam optics 

and transport were used to consider the shielding effect of massive structural elements (iron yokes) in the simulation. 

This is an important aspect because if superconducting optics are used in future SEEIIST accelerator, structural ele-

ments would be considerably smaller than classical magnets and the loss of shielding effect of these elements need 

to be taken into account. The MedAustron study also describes a useful iterative workflow between architectural 

and radiation protection design which produces a converged solution that is functional, aesthetically pleasing and 

conservatively safe. It also stresses a key point also raised in PTCOG Report 1, that the neutrons can reach up to 

primary beam energies with a clear quasielastic peak at around 100 MeV. This must be taken into account when 

designing a radiation monitoring system. 
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3.3. Gunma 

Gunma University, Japan is a host to a radiotherapy synchrotron and three treatment rooms (horizontal, vertical and 

horizontal/vertical beams) and one room with a vertical beam line is provided for the development of new irradiation 

methods [12]. The maximum carbon ion energy is 400 MeV/u. Excellent radiation protection design is achieved 

through a combination of technical means and room layout. Innovative combination of rooms and their intended 

use allowed compact floor layout. The linear accelerator walls are up to 2.5 m thick and synchrotron shielding is up 

to 5 m thich. Where needed, concrete is augmented with iron shielding. The floor base has a thickness of 2.5 m and 

roof shielding thickness varies from 1.1 m to 2.2 m thickness [12]. Gunma synchrotron also uses a technique where 

beam is decelerated within beamline before dumping which reduces beam dump shielding requirements.  

 

3.4. HIT 

HIT (ger. Heidelberger Ionenstrahl-Therapiezentrum) in Heidelberg, Germany is a radiotherapy center with a synchro-

tron that is able to accelerate several ion species, such as protons, helium, carbon and oxygen. Top energies for 

therapeutic ions is 220 Mev for protons and 430 MeV/u for carbon ions. It has two horizontal beam rooms, one 

gantry for carbon ions and another research beam outlet. The radiation protection calculations were performed with 

a rich line-of-sight analytical method and later repeated with MC code FLUKA. German legal dose restrictions were 

observed with some additional restrictions imposed by local radiation protection experts, such as 3 μSv/h was used 

outside the interlocked area for 10-min irradiation periods. The shielding design is based on a 10 % beam loss at 

local (specific) points, such as the beam extraction point and dipole magnets. Additional local concrete shielding was 

added in the synchrotron and beam transfer lines because the exact beam loss distribution in these areas was un-

known. Shielding of horizontal rooms was secured with an entrance maze with three walls perpendicular to the 

beam, providing a total effective thickness of concrete of 7.6 m (realized through combination of concrete and iron) 

with lateral wall thickness of 2 m. For the gantry calculations, an iron counterweight of 1 m is taken into account as 

it attenuates the cone of secondary neutron radiation significantly. Application of the use factors (time - averaged 

gantry orientation) allows further reduction in wall thickness. Adequate roof and floor shielding with iron, concrete 

and earth layer to suppress the activation of soil and ground water, as well as skyshine/groundshine effect. 
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