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«LES INSTALLATIONS D’IRRADIATION EXTERNE ACCESSIBLES AUX ETUDES DE BIOLOGIE  
ETAT D’AVANCEMENT JUILLET 2005 » 

 
Résumé - La Direction des Sciences du Vivant (DSV) du CEA réalise actuellement un inventaire des différentes 
sources d’irradiation accessibles à l’étude des effets biologiques des rayonnements ionisants. Les recherches 
menées au sein de DSV dans ce domaine sont extrêmement variées, s’attachant à caractériser la nature des lésions et 
leurs conséquences biologiques précoces (sur les différents compartiments cellulaires) et tardives (effets aléatoires 
ou déterministes), en fonction de la nature des rayonnements et de la dose, notamment aux faibles doses. Les 
modèles expérimentaux sont multiples : végétaux, bactéries, cellules eucaryotes depuis la levure jusqu’aux cellules 
mammifères et études in vivo, essentiellement sur rongeurs, pour caractériser les effets tardifs somatiques et les effets 
sur la descendance. 
Du fait du coût élevé de ces installations, de leur spécialisation (nature et précision de l’irradiation à l’échelle 
moléculaire, dose et débit), la proximité n’est plus de loin, le seul critère de choix pour les biologistes. L’évolution se 
fait vers la mise en place de plates-formes d’irradiation associant aux outils d’irradiation proprement dits, des moyens 
spécifiques à la biologie : culture cellulaire, biologie moléculaire, ou encore animaleries. L’objectif est de pouvoir 
proposer aux biologistes l’outil expérimental le plus approprié, de les adapter en fonction de l’évolution des besoins 
en radiobiologie. 
Ce rapport, rappelant succinctement les interactions des rayonnements ionisants avec le tissu biologique, présente 
certaines des installations actuellement disponibles pour les biologistes, en particulier au CEA . Ce panorama, non 
exhaustif, sera complété au fur et à mesure de la rédaction de nouvelles fiches, ou de la mise en œuvre de nouvelles 
installations. 
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 «EXTERNAL IRRADIATION FACILITIES OPEN FOR BIOLOGICAL STUDIES - PROGRESS IN JULY 2005» 

 
Abstract - The Life Science Division of the Atomic Energy Commission is making an inventory of the various 
radiation sources accessible for investigation on the biological effects of ionizing radiation. In this field, a wide range 
of studies is being carried out at the Life Science Division, attempting to characterize the kind of lesions with their 
early biological consequences (on the various cell compartments) and their late biological consequences 
(deterministic or stochastic effects), in relation to the radiation type and dose, especially at low doses. Several 
experimental models are available: plants, bacteria, eukaryotic cells from yeast up to mammalian cells and in vivo 
studies, mostly on rodents, in order to characterize the somatic late effects and the hereditary effects. 
Due to the significant cost of these facilities, also to their specific properties (nature of the radiation, dose and dose 
rate, possible accuracy of the irradiation at the molecular level), the closeness is no longer the only criteria for 
biologists to make a choice. The current evolution is to set up irradiation infrastructures combining ionizing radiation 
sources themselves and specific tools dedicated to biological studies: cell or molecular biology laboratories, animal 
facilities. The purpose, in this new frame, is to provide biologists with the most suitable facilities, and, if possible, to 
change these facilities according to requirements in radiobiology. 
In this report, the basics of interactions of ionizing radiation with biological tissues are briefly introduced, followed 
by a presentation of some of the facilities available for radiobiological studies especially at CEA. This panorama is 
not a comprehensive one, new data will be included as they advance, whether reporting existing facilities or if a new 
one is developed. 
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INTRODUCTION  
 
The Life Sciences Division (DSV) of the CEA is currently drawing up a list of the various irradiation 
sources which are open to the studying of the biological effects of ionizing radiation. Research 
undertaken within the DSV in this area is extremely varied. It aims to define the nature of the lesions 
and their biological consequences, whether early (on the various cell compartments) or late 
(stochastic and deterministic effects), according to the nature of the radiation and the dose, especially 
low doses. There are several experimental models: plant life, bacteria, eukaryotic cells from yeast to 
mammal cells and in vivo studies, mainly on rodents, so as to characterise the late somatic effects, on 
the germ lines and on progeny.  
Given the high cost of the facilities and their specialisation (nature and precision of irradiation on a 
molecular scale, dose and rate), closeness is no longer the only criteria of choice for biologists. 
Development is leaning towards the implementation of irradiation platforms with irradiation tools 
associated with specific methods belonging to biology: cell culture, molecular biology and even animal 
care houses. The aim is to be able to offer biologists the most appropriate experimental tools, and to 
modify them according to the changing needs of radiobiology.  
 
This report is included with documents which present some of the facilities currently available to 
biologists in the CEA. However, this presentation is not exhaustive and shall be completed as and 
when new documents are drawn up and new facilities are opened.  
 

 

Keywords: ionizing radiation, external irradiation, in vitro / in vivo radiobiology, dosimetry, isotopic 

source, accelerator, research reactor, X-ray generator  
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1 Radiometric and dosimetric quantities 

1.1 General points 

 
Irradiation is seen as "ionizing" when it has enough energy to tear an electron away from an atom's or 
a molecule's electron cloud. The binding energy of the majority of molecules found in biological 
tissues is of around a few eV, which corresponds to a wave length of a few tenths of a micron, or far-
ultraviolet radiation. The binding energy for electrons in atoms ranges from 13.6 eV for hydrogen to 
115 keV for the deepest uranium shell [Handbook, 2002].  
 
Ionizing radiation is split into two categories:  

o Direct ionizing radiation: This refers to charged particles (electrons, protons, alpha, ions) 
which interact via Coulomb interaction with the material and therefore ionize the atoms on 
their pathway. For a parallel beam of monoenergy charged particles at normal incidence 
travelling in a given medium, the intensity of the beam remains the same, the charged 
particles are slowed down to a depth equal to their range in the given environment and then 
absorbed by the environment when their energy has become very low. The density of 
deposited energy is at its highest level at the end of the path when the particles have less 
energy.  

o Indirect ionizing radiation: This refers to uncharged particles (photons, neutrons) which first 
set in motion a charged particle. This particle shall ionize the medium on its path. For a 
parallel beam of monoenergy charged particles at normal incidence travelling in a given 
medium, the intensity of the beam decreases. The half-value layer represents the 
environment's depth for which the beam's intensity in relation to the intensity at the medium's 
point of entry has dropped by a factor of two.  

1.2 Definitions [ICRU, 1998] 

 
o Activity A: The number of decays of a radioactive atom per second. (unit = bequerel; 1 Bq 

= 1 disintegration.s-1) 
 

o Cross section σ : The probability of interaction of a particle with a given medium. (unit = 
barn; 1 b = 10-28 m²) 

 
o Fluence  : The number dN of particles incident on a sphere of cross-sectional area da.  φ

 

da
dN

=φ  (unit = m-2) 

 
o Fluence rate : The increment in fluence dφ per unit of time dt.  φ&

 

dt
dφ

=φ&  (unit = m-2.s-1) 
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o Flux : The variation in the number of  particles dN by unit of time dt.  N&

 

dt
dNN =&  (unit = s-1) 

 
o Absorbed dose : The sum of absorbed energies dED abs in a mass dm divided by this 

mass.  
 

dm
dE

D abs=  (unit = gray; 1 Gy = 1 J.kg-1) 

 
The absorbed dose corresponds to the quantity of energy which is absorbed locally by the tissues.  
This is the measurement which allows one to explain or anticipate the deterministic effects on the 
organism. The absorbed dose is solely defined locally and must not be confused with the quantities 
used in radiation protection, especially the equivalent dose, which is defined on the whole of an organ 
or a tissue.  
 

o Absorbed dose rate : The variation in absorbed dose dD by a unit of time dt.  D&
 

dt
dDD =&  (unit = Gy.s-1) 

 
o Kerma (Kinetic Energy Released per unit MAss) K : The sum of the initial kinetic 

energies dEtr of all the charged particles released by the neutral incident particles in a mass 
dm, divided by this mass.  

 

dm
dEK tr=  (unit = gray; 1 Gy = 1 J.kg-1) 

The kerma is only defined for neutral particles, photons and neutrons. The absorbed dose can be 
assimilated to the kerma under certain conditions which are later specified.  
 

o Kerma rate : The variation of the kerma dK by unit of time dt.  K&
 

dt
dKK =&  (unit = Gy.s-1) 

 
o Linear energy transfer L : Quotient of dE by dl, where dE is the energy lost by a charged 

particle in traversing a distance dl, due to scattering with electrons. This quantity depends 
on the particle and its energy, and on the material it goes through. 

 

dl
dEL =  (unit = eV.m-1 or keV.µm-1) 
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o Collision stopping power : The quotient of the energy loss dEcolS col through scattering 

with environment electrons for a charged particle going through a distance dl in this 
environment, divided by dl.  

 

dl
dES col

col =  (unit = J.m-1 ou keV.µm-1) 

 

1.3 Kerma - absorbed dose comparison 

 
Kerma and absorbed dose are defined by the energy transfer or deposition of ionizing radiation in a 
given mass medium. This exchange in energy depends on the medium in question. The kerma and 
dose always refer to a clearly specified material. A 1 MeV photon will not produce the same energy 
exchange with 1g of water or 1g of air. This is partly due to the isotopic compositions, and therefore 
the electron densities, being different. 
 
Let us take a photon which interacts with the electrons of a material as an example. The photon is 
going to transfer, at the point of interaction, a part of its energy to an electron, which is therefore going 
to acquire kinetic energy. This energy transmission process from the photon to the electron is 
characterized by the kerma. The electron set in motion is slowed down by the medium and will 
transfer its kinetic energy via ionization or excitation of environment molecules throughout its path. 
This second process is characterised by the absorbed dose. Kerma is therefore an energy which is 
transferred to the environment at a specific point, whilst the absorbed dose is an energy which is 
deposited in the environment along its path, from a strict radiation-matter interaction perspective. In 
some cases, the electron has enough energy high to lose its energy through radiation, for example, 
the emission of a Bremsstrahlung photon. This part of the energy is therefore no longer locally 
deposited (via ionization) but only transferred to the matter. It can later be deposited elsewhere in the 
medium as the photon's path can be long. In biological tissue, the difference between transferred 
energy and absorbed energy only becomes significant for photons of several MeV. In materials with a 
high Z, such as lead, the difference is noticeable as from 100 keV. 
 
Several conditions must be present for the absorbed dose to be assimilated to the kerma [Roesch et 
Attix, 1968]: 
As the dose is deposited along the path of the secondary electrons, the distance between the 
air/tissue interface (incidence point of the incoming photons) and the point where the dose is 
measured must be greater than the average path R of secondary electrons in this environment (figure 
1). Indeed, the dose "is built" near the interface, in the area known as the "build-up area". A pseudo-
equilibrium is only reached above the distance R. This property is known as "electronic equilibrium" or 
"pseudo electronic equilibrium" if the attenuation of photons in the matter is taken into account.  
To reach the electronic equilibrium, energy loss via radiation must be negligible, which is generally 
the case for photons and biological tissue, in dosimetry. 

4 
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Figure 1: Kerma - absorbed dose comparison. 

1.4 Quantities generally used in dosimetry 

 
For direct ionizing radiation, the interaction density is generally much higher than for indirect ionizing 
radiation. This means a large number of ionization processes occur throughout the path. Therefore, 
the quantity generally used is correlated to the average energy deposit along the path, for example, 
the linear energy transfer (LET). For indirect ionizing radiation, the energy deposit generally occurs 
around the point of interaction, where secondary charged particles are set in motion. The absorbed 
dose or the kerma are better suited as the linear energy transfer cannot be measured: it depends on 
the secondary particles which have been set in motion at the point of interaction. 
 

o Photons: Energy deposition generally occurs at macroscopic levels, except for very low 
energy particles. The tissue (or water) kerma is the most appropriate quantity as it is a very 
good indicator of the absorbed dose outside of the build-up area. This area measures around 
5 mm for cobalt-60, and less than 1 mm for less than 400 keV energy photons in water. 

o Neutrons: The range of the particles in biological tissues is generally macroscopic. It is not so 
easy to determine the absorbed dose as it comes from both the interaction of the primary 
neutrons and the interaction of the secondary photons, which are generated by the primary 
neutrons in the biological tissue. In general, the facility officials provide the neutron kerma, 
implicitly understood to be considered in the tissue, and the absorbed dose for photons. 

o Electrons, ions: Depending on their energy, they can travel a few tens of µm up to a few 
centimetres for ten MeV energy electrons. The quantity generally used is the linear energy 
transfer (LET), which corresponds to the particle's lost energy along its path, and which is 
therefore transferred to the medium. 

 
2 Photon sources 

2.1 Photon properties 

 
Photons are particles without either charge or mass, seen as indirectly ionizing, and which are 
associated to electromagnetic radiation. The corpuscular nature of this radiation is generally taken 
into account as from the infrared section (for wavelengths of around µm). Figure 2 shows a part of the 
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photons' electromagnetic area with an approximate match between energy E and the wavelength λ , 

related by the following equation:  
 

λ
=

hcE    
)(

10.24,1)(
3

nm
MeVE

λ
=

−

 

 
With c is the speed of light ( = 3.10c 8 m.s-1) and h Planck's constant ( = 4,136.10h -21 MeV.s). 

 

Figure 2: Classification scheme of infrared photons up to γ-rays. 
 

hoton sources are generally isotopic γ-ray sources, or X-ray sources delivered by a generator, a 

hoton production method, its characteristics and interactions in the material only 

Table 1: Composition of soft tissue. 
 

Element  
s) 

H C N O Density 

 

P
linear accelerator or a synchrotron radiation source. γ rays are produced by changes within the atomic 
nucleus, whilst the X rays come from the rearranging of the atoms' electron cloud. Gamma rays are 
mono-energetic and their energy is constant and characteristic for a given radionuclide. X-ray photons 
are generally produced by filtration and have a wide energy spectrum. X-ray photons produced by 
fluorescence, less common, have a far narrower energy spectrum, and their energy is limited to about 
one hundred keV.  
Regardless of the p
depend on its energy and the material itself. Figure 3 shows the half-value layer of photons in soft 
tissue. The soft tissue has the characteristics mentioned in table 1 [ICRU, 1989]. 
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Figure 3: half-value layer of photons in soft tissue. 

 

2.2 Isotopic sources (γ radiation sources) 

They are made up of unstable isotopes and are characterized by one or more decay modes. During 
these processes of decay, various particles are emitted; γ rays are often emitted simultaneously. Each 
isotope has its own radioactive half-life  (by the end of this period the activity has decreased by a 

factor of two). At the time of production, the isotope has a given activity  (number of decays per 

second), which shall continuously decrease over time according to the following equation:  

2/1T

0A

2/1

2ln

0)( T
t

eAtA
×

−

=  

The main decay modes encountered are:  
o α decay with the emission of a helium nucleus (α particle) with a given energy, often 

between 4 and 6 MeV. This generally concerns heavy nuclei which, through this process, 
can reduce the number of their nucleons;  

o β− decay with the conversion of a neutron to a proton in the nucleus and the emission of an 
electron. The electron energy spectrum is a wide spectrum ranging from 0 to Eβmax. This 
energy ranges from a few tens keV to less then 3 MeV;  

o Electron capture during which an electron from the cloud is absorbed by the nucleus, and 
the proton in the nucleus is converted into a neutron;  

o β+ decay with the emission of a positron. In this case, the nucleus is reorganised so as to 
achieve stability in terms of energy level and allow for the conversion of a proton into a 
neutron in the nucleus. The positron energy spectrum is a wide spectrum ranging from a 
very low energy to Eβmax (from a few tens keV to less than 2 MeV). Generally, such mode is 
followed by the annihilation of the positron with one electron of the medium, resulting in the 
emission of two 511 keV energy photons.  

 
Each of these decay processes can leave the resulting "daughter" nucleus in an excited state and can 
involve the emission of monoenergetic γ rays whose energy is characteristic of the nucleus. 
 
A "parent" nucleus can have more than one decay modes to achieve stability by decaying to a 
“daughter” nucleus. For each of the particles  emitted, including γ rays, a branching ratio  is p )( pI
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specified. This corresponds to the emission intensity of particle p  related to the whole of the decay 
modes.  is therefore always less than or equal to 1. It is generally given as a percentage. The 

emission rate of particles  emitted  is therefore given according to the activity of the parent 

nucleus:  

)( pI
p )( pN&

 
)()( pIApN ×=&   (unit: particles per second)  

 
Fluence rate  for this particle , at a distance  in the air, considering a negligible 

attenuation in air, is:  

),( dpφ& p d

 

22 4
)(

4
1)(),(

d
pIA

d
pNdp

π
×

=
π

×=φ &&  (unit: particles per second and per m²)  

 

2.2.1 Main γ−ray sources 

The reference source γ is cobalt-60. Caesium-137 and iridium-192 sources can also be found. The 
following table gives the characteristics of each of these sources: decay mode, half-life, energy and 
intensity of γ rays, namely, the number of γ rays emitted per decay [Firestone, 1999].  
 

Table 2: Main γ-ray sources 
 
Radionuclide  Half-life Daughter 

nucleus  
Decay mode  Energy and intensity of γ 

rays 
Cobalt-60  5,271 years Nickel-60 β− 1,173 MeV (99,97%) 

1,333 MeV (99.99%) 
Caesium-137 30.07 years Barium-137 β− 0.662 MeV (85.10%) 
Iridium-192 73,83 days Osmium-192 

Platinum-192
Electron capture, β− 0.296 MeV (28.3%) 

0.308 MeV (29.3%) 
0.317 MeV (83.0%) 
0.468 MeV (47.7%) 
0.604 MeV (8.2%) 
0.612 MeV (5.3%) 

 

2.3 X-ray sources 

 
"Hard" X rays, i.e. high-energy X rays, are mostly produced by X-ray generators. The energy of the X-
ray produced ranges from a few tens keV for radiographic-like apparatus to around twenty MeV for 
medical accelerator-like apparatus. 
"Soft" X rays whose energy does not exceed a few hundred keV, are generally produced as 
synchrotron radiation in a circular accelerator, or by a fluorescence X-ray generator. 
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2.3.1 X-ray generators 

 
An X-ray generator is made up of two electrodes, a cathode and an anode between which a high 
voltage runs, contained in a vacuum glass envelope. The electrons are torn away from the cathode 
and accelerated thanks to the high voltage and then hit the anode, which is the target. Interactions 
shall occur between the incident electrons and the target:  

o If the energy of the incident electrons is higher to the binding energy of the target atoms' 
electrons, then the latter could be ejected from the atom's orbits whilst interacting with the 
incident electrons. The resulting electronic rearrangement will produce X-ray photons with 
energy levels specific to the atoms in the target;  

o In all cases, the incident electrons will be slowed down due to the interaction with the 
Coulomb field of the target atoms' nuclei and shall therefore produce Bremsstrahlung X-ray. 
The energy spectrum is wide, from low energies up to the maximum high voltage of the 
generator. 

 
A thin output window generally integrated to a collimator allows for the output in free air of the 
collimated X-ray beam. Figure 4 illustrates the principle of the X-ray generator. 
 

 
Figure 4: The principle of the X-ray generator.  

 
A X-ray generator is described in the datasheets; namely, the DSV/DBJC Faxitron 43855 on the 
Saclay site. The maximum voltage is 130 kV. This type of generator is quite common. 
 

 

Output window 
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2.3.2 Synchrotron radiation 

 
Synchrotron radiation is an electromagnetic radiation characteristic of any charged particle which is 
accelerated, it is the case when relativistic particles follow a curved trajectory in a circular accelerator. 
Synchrotron radiation represents a continuous spectrum which can range from infrareds to X rays.  
The main facilities producing synchrotron irradiation in France are the LURE (Laboratoire d’Utilisation 
du Rayonnement Electromagnétique) in Ile-de-France (Paris region) and the ESRF (European 
Synchrotron Radiation Facility) in Grenoble. Another facility is planned in the coming years in the 
Paris area, namely, the SOLEIL project on the Saclay site. 
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3 Neutron sources 

3.1 Neutron properties 

 
The neutron is an uncharged particle, of rest mass 940 MeV, which is unstable when not bound, with 
a half-life of 15 minutes. The neutron is an indirect ionizing particle. 
Neutrons are generally classified according to their energy, which can cover around ten decades. 
This ranges from thermal neutrons to neutrons of several hundred MeV, which can be produced by 
the interaction of cosmic radiation. Table 3 shows the classification of neutrons: 
 

Table 3: Classification of neutrons according to their energy [Martin, 2000]. 
 

energy  classification 
< 0.025 eV thermal  

From 0.025 eV to 100 eV slow  
From 100 eV to 10 keV intermediate  
From 10 keV to 10 MeV fast  

> 10 MeV high energy 
 
The energy of thermal neutrons corresponds to thermal motion at room temperature. Their velocity is 
therefore 2200 m.s-1.  
 
The neutrons' path in the soft tissue, or in water, can be estimated by their mean free path λ . It 
corresponds to the mean distance travelled without undergoing any interaction and is given by 
[Bussac and Reuss, 1985]. However, the values in table 4 are approximate as the neutrons are very 
quickly scattered in a proton-rich material, as is the case for biological tissue. Nevertheless, the mean 
free path value allows for a rough estimate of the penetration depth of the neutrons in the biological 
tissues according to their energy. 
 

Table 4: Mean free path of neutrons in water [Söderberg, 1998].  
 

energy  λ (cm) 

10 keV 0.8 
100 keV 1.1 
1 MeV 2.4 
5 MeV 6.8 
10 MeV 9.8 
20 MeV 11.3 

 
Figure 5 shows the fluence to kerma conversion factor for neutrons defined by [ICRU, 2000]: 
 

10 



External irradiation facilities available for biological studies - Progress in July 2005  

)(
)()(

E
EKEk f φ

=  (unit: Gy.m²) 

 
)(EK is the neutron kerma, namely the energy transferred to a given material mass by a fluence 
 of incident neutrons of given energy)(Eφ E . The fluence to kerma conversion factor depends on the 

incident neutrons' energy and the medium. Here it is given for soft tissue and air. 

1.E-03

1.E-02

1.E-01

1.E+00

1.E+01

1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

neutron energy (eV)

flu
en

ce
 to

 k
er

m
a 

co
nv

er
si

on
 fa

ct
or

 
(fG

y.
m

²)

soft tissue
air

 
Figure 5: Fluence to kerma neutron conversion factor for air and soft tissue.  

 
There are radionuclides, or associations of radionuclides which allow for the production of neutrons 
through fission. Fission also allows for high neutron doses to be obtained in nuclear reactors. In both 
cases, the neutrons obtained have a very wide energy spectrum, which can range from thermal 
neutrons to more than ten MeV.  
Monoenergetic neutrons are obtained with accelerators, through a nuclear reaction between incident 
charged particles and the nuclei of a target. The energy of the emitted neutrons varies according to 
their emission angle. Neutrons emitted at a given angle have the same energy, consequently 
choosing a specific direction is equivalent to choose a given neutron energy. 

 

3.2 Isotopic sources 

Apart from uranium-235, which is spontaneously fissile, there are no natural radionuclides which emit 
neutrons. Nevertheless, several artificial radionuclides can produce neutrons through fission. Namely, 
a neutron-rich nucleus, and therefore unstable, will split into smaller nuclei, which shall be stable. Or, 
through nuclear reactions triggered by the decay of another radionuclide (in neutron sources made up 
of americium plus another radionuclide, the decay of the americium produces an alpha. This alpha 
will interact with boron or beryllium, forming another nucleus and a neutron). During this reaction, 
neutrons are emitted, with a Maxwellian energy spectrum (figure 6):  
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Figure 6: uranium-235 fission spectrum [IAEA, 1990].  

 
Fission reactions can only occur for nuclei with a large atomic number, as they need a high density of 
neutrons. 
 
Table 5 shows the main radionuclides producing neutrons. 
 

Table 5: Main radionuclide sources producing neutrons [ISO, 1989] 
 

Radionuclide  Period  Energy spectrum and mean 
energy in tissue kerma (MeV) 

Mean fluence to tissue kerma 
conversion factor (Gy.cm²)  

241Am-B(α,n) 432 years Thermal → 6 MeV 3,3 × 10-11

241Am-Be(α,n) 432 years Thermal → 11 MeV 3.7 × 10-11

232Cf moderated by 
D2O 

2.65 years Thermal → 15 MeV 7.6 × 10-12

232Cf 2.65 years Thermal → 18 MeV 2.8 × 10-11

 
In general, these sources cannot produce high doses or high dose rates. For example, it can take 
several hours to deliver 1 Gy of neutrons on a surface area of 100 cm².  
 
The quantity provided is generally the source emission rate , namely, the number of neutrons 

emitted per second. These neutrons are emitted quasi-isotropically and the fluence rate  at a 

given distance d is:  

0B&

)(dφ&

2
0

4
)(

d
Bd
π

=φ
&

&  (unit: neutrons per second and per m²)  

So as to irradiate large surface areas, one must move away from the source to ensure a homogenous 
rate on the whole surface. This therefore implies a decrease in the rate according to the formula 
above. 
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3.3 Accelerators 

The principle of neutron production by an accelerator is shown in figure 7. Ions are first produced, and 
then are linearly accelerated and focused by magnets. They hit a thin target, interactions between the 
incident ions and the atomic nuclei of the target produce neutrons, which are emitted in all directions. 
A vacuum is ensured between the ions source and the target. The main nuclear reactions used to 
generate neutrons are the following:  

o  - Neutron flux: 10HenHH 3
2

2
1

2
1 ,),( 9 n.s-1 for a deuteron current of 1 µA 

o  - Neutron flux: 10HenHH 4
2

2
1

3
1 ,),( 11 n.s-1 for a deuteron current of 1 µA 

 
In this case, the incident deuterons have energy of a few hundred keV.  
 
The energy of the neutrons emitted depends on their direction in relation to the incident beam. In a 
given direction, all the neutrons have the same energy.  
 

 
Figure 7: Principle of production of neutrons in an accelerator.  

 
The energy of neutrons produced in this way ranges from 2 keV to 19 MeV [ISO, 1989]. The fluence 
rate depends on the intensity of the ions current, generally a few µA, and drops according to the 
inverse-square law in relation to the distance to the target. For a current density of a few µA, the 
quantity is generally the following:  

o A few cm from the target, fluence ≈ 1010 n.cm-2.s-1, dose rate ≈ 1 Gy.min-1. 
o A few cm from the target, fluence ≈ 105 n.cm-2.s-1, dose rate ≈ 0,1 mGy.min-1. 

3.4 Experimental reactors 

 
A nuclear reactor in operation is meant to produce electricity. The fuel contains the fissile material (for 
example, uranium-235) and produces large quantities of neutrons as the reaction is self-sustaining. 
Control rods regulate the quantity of neutrons present so as to keep fission at a constant rate. A 
coolant fluid located around the fuel rods allows for the heat produced to be absorbed and 
transported. This heat generates steam which drives turbines, producing therefore an electric current.  
 
In a research reactor dedicated to studying the behaviour and interactions of neutrons, there is no 
coolant. Several kinds of fuel can be used. This allows for various operating regimes and variable 
energy spectrums.  

Neutron

Thin target Holder

Vacuum Free air

Incident ions 

(1H, 2H) 

45Sc, 7Li, 2H, 3H
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Experimental reactors are both neutron and photon sources. The doses delivered by the photon 
component are generally equal to or even greater than those delivered by the neutron component. 
Filters placed between the core and the sample to be irradiated make it possible to change the ratio 
between the two components.  
Neutron fluence close to the core is generally high, from 1014 to 1017 n.cm-2. A few metres from the 
core, this fluence can drop by a factor of 1000 or more.  
The dose rate depends on how the reactor is operating. The reactor can deliver its full power over a 
very short period (1s or less) or over several hours. It also depends on the distance between the core 
and the point of irradiation according to the inverse-square law, except for when the scattering is 
important, which is often the case for neutrons. There is a wide range of dose rates, from 100 
mGy.min-1 to several hundred Gy.min-1. 
 

4 Ions 

 
In this document, ions are atoms from which one or more electrons have been removed. The mostly 
used light ions are the proton (hydrogen nucleus) and the alpha particle (helium nucleus). Heavier 
ions can be produced, for example, carbon, calcium and even uranium ions.  
 
Alphas can be obtained via spontaneous decay of alpha-emitting radionuclides, i.e. heavy elements, 
like uranium and its daughter products. Fission produces neutrons and nuclei which are lighter than 
the initial element, and is therefore a source of ions.  
More generally, ions are produced from a gas, whose ionization allows for the separation of ions from 
the peripheral electrons. The ions, represented by positive charges, are selected, and then given the 
required energy by accelerating them. 

4.1 Some ion properties 

4.1.1 Physical properties of some nuclei  

 
The table below shows some of the physical properties of the nuclei. In this table, the given mass 
refers to the nuclear mass and not to the mass of the corresponding atom.  
 

Table 6: Physical characteristics of some nuclei  
 

Ion proton alpha carbon calcium 

Number of protons  1 2 6 20 
Number of neutrons  0 2 6 20 
Nucleus mass (MeV) 938 3727 11185 37322 

Collision stopping power (keV.µm-1) 
at 1 MeV 

at 10 MeV 
at 100 MeV 

 
27 
4.6 

0.73 

 
219 
53 
8.6 

 
 

660 
200 

 
 
 

2700 
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at 1 GeV 0.21 1.6 32 840 

 
Linear energy transfer is closely related to the mass of the ion in question. The relative biological 
effect shall therefore be a lot greater for a heavy ion than for a light ion (proton or alpha). For a same 
energy particle, the heavy ion's path shall be a lot shorter than that of a light ion and the linear energy 
transfer shall be greater for the heavy ion. 
 
The ions' energy deposit in tissues is varying along their path in these tissues (figure 8). At the 
beginning, the ion has all of its energy and its stopping power is therefore low: It travels a certain 
distance losing a low fraction of its initial energy, which then starts dropping slowly. The energy 
deposit increases only a little during this first stage. When the ion's energy gets lower, then the 
stopping power shoots up and its residual kinetic energy is deposited over a very short distance, with 
a very big linear energy transfer. This area, located at the end of the ion's path, is known as the Bragg 
peak. 

Protons 

100 

90 MeV 65 MeV 

 
Figure 8: Distribution of a proton's energy deposit in water (in %).  

 

4.1.2 Range of ions in water 

For ions, except those with a very low energy (less than 1 MeV), the path, namely the sum of 
distances travelled in an environment, and the range, namely the depth reached in this environment 
from the point of incidence, are approximately the same. In fact, at energies that are normally 
considered in radiobiology, these ions mostly interact with electrons. Ions are a lot heavier than 
electrons and therefore hardly deflected. 
 
The following table gives the range of proton, alpha and carbon ions in water for various energies. 
The first line gives the total energy of the ion in question; the second line divides this energy by the 
number of nucleons (1 for the proton, 4 for the alpha and 12 for the carbon).  
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Table 7: Range of proton, alpha [PSTAR, 1999] and carbon ions in water [Ziegler, 1985] 
 

ion p α p α p α p α 

E total (MeV) 1 4 5 20 10 40 50 200 
E/nucleon (MeV) 1 1 5 5 10 10 50 50 
range 24 µm 27 µm 361 µm 366 µm 0.12 cm 0.12 cm 2.2 cm 2.2 cm 

 

ion p α 12C p α 12C p α 12C 
E total (MeV) 85 350 1020 275 1000 3480 400 1600 4800 
E/nucleon (MeV) 85 87.5 85 275 250 290 400 400 400 
range 5.8 cm 6.1 cm 2 cm 44 cm 38 cm 15 cm 82 cm 75 cm 27 cm 

 
We observe that the alpha particle behaves, with regard to its penetration in water, as a four-proton 
assembly because if we consider the energy per nucleon, the range is approximately the same for 
nucleons of the same energy. However, this is not at all the case for a heavier ion like the carbon ion.  
 

4.2 Isotopic α−sources 

These are isotopes of heavy elements, produces by uranium and thorium decays, as well as 
lanthanides. The α emitted are monoenergetic particles, with energy ranging from 3 to 6 MeV, most 
being of around 5 MeV.  
 
α−decay is characterised by the following scheme: 
 

QYHeX A
Z

A
Z ++→ −

−
4
2

4
2  

 
The α-particle being the helium nucleus and Q being the energy released by the reaction. 
 
One of the α-sources which has been most studied is radon gas (222Rn), which emits a α-particle of 
5.5 MeV with a half-life of 3.8 days.  
There is currently no isotopic α-source for the external irradiation described in this context. As the 
range of a α of 5 MeV in water is around 35 µm, external irradiation by α of isotopic sources is 
generally considered only for cells. 

4.3 Accelerators - micro-beams 

 
The principle for the realization of an ion beam is the following. The element to be ionized must be in 
the form of a gas. By applying a high voltage to it, the gas is ionized and a plasma of nuclei and 
electrons is obtained. The ions produced are then collected using an electrode or even a radio 
frequency field.  
The starting gas will be hydrogen to obtain protons, deuterium for deuterons and helium for alphas.  

16 



External irradiation facilities available for biological studies - Progress in July 2005  

Once extracted from the plasma, these ions are accelerated either through a Coulomb field (Van de 
Graff electrostatic accelerator), or in a circular accelerator (cyclotron) or in a linear accelerator (which 
uses an alternating voltage high frequency generator).  
 
The ions are produced and accelerated in vacuum; otherwise they would interact with the 
environment and would not survive as ions. The irradiation of biological material must generally be 
done in free air, so as to conserve it. For this reason, a thin output window, measuring from a few µm 
to a few tens µm (depending on its material) is located at the beam's exit and just before the object to 
be irradiated. The beam is generally horizontal and the area to be irradiated is therefore vertical, 
which can be restrictive in some cases.  
 
Studies are in progress to realize a proton or alpha microbeam in the CENBG in Bordeaux, and at the 
laboratoire Pierre Süe in Saclay. This aims at creating an incident ion beam of a similar size to that of 
a cell, or smaller (of around a few µm or less). This type of beam has to allow for the studying of 
communication between cells (for example, the bystander effect) and must therefore be able to 
irradiate a large number of cells one by one. One of the technological challenges is to find the cell or 
the cellular substructure which has been hit by the incident ion, with the principle of irradiating one cell 
by one ion. A high-performing reconnaissance system must therefore be connected to the accelerator 
itself.  
 

5 Electron sources 

The electrons can be produced either by the β decay of a radionuclide, or by using an electrode from 
which electrons are torn away. An accelerating device increases the energy of these electrons to the 
desired energy level. 
The β energy spectrum is a continuous spectrum, whilst the electrons provided by an accelerator 
generally have a narrower energy spectrum.  
 

5.1 Electron properties 

 
The electron is a light particle, with a rest mass of 511 keV and an electric charge of -1. The collision 
stopping power and the range of electrons in water are shown in figure 9. 
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Figure 9: Stopping power and range of electrons in water [PSTAR, 1999].  

 
The stopping power for electrons does not exceed a few keV.µm-1, unlike for ions, whose stopping 
power can reach several hundred keV.µm-1. The dose deposit profile is similar to that of the photons 
(figure 10), with the passing at a maximum to a depth depending on the energy of the incident 
electrons. However, the decrease in function of depth is a lot greater for electrons than it is for 
photons. The example illustrated in this figure is for 21 MeV electrons, whose maximum dose is 
reached at a few cm depth. This depth is a lot lower for β  particles, whose energy does not generally 
exceed 3 MeV. 

 
Figure 10: Dose profile for electrons in water.  

5.2 Isotopic sources 

−−decay is characterised by the following formula: 
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Where ν  is an antineutrino and Q the energy re ased by the reaction. This disintegration, which 

th

ome nuclei, proton-rich, are characterised by the emission of a positron (the same properties of an 

With the emission of a neutrino 

he energy available in these reactions, Q, is shared between the electron (or positron) and the 

le

causes e transformation of a neutron in the nucleus into a proton, occurs most frequently in 
neutron-rich nuclei.  
 
S
electron but with a charge of +1) instead of an electron. This is β+−decay: 
 

QYeX A
Z

A
Z +ν++→ −1

0
1  

ν . 

 
T
antineutrino (or neutrino). The β energy spectrum is therefore continuous. An example of β spectrum 
is given in figure 11. 
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Figure 11: β spectrum of yttrium 90. 

 
he radionuclides which are the most common β-sources are given in the table below. For each T

radionuclide, the period, the maximum β energy and the mean energy of the β spectrum, as well as 
the branching ratio in the case of multiple decays are also included. 
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Table 8: Common β−emitting radionuclides [Firestone, 1999] 
 

Radionuclide  Period  Daughter nucleus Maximum β 
energy (MeV) 
and intensity  

Mean  energy of 
the 

β−spectrum  
(MeV) 

)(18
9 fluorineF  110 min )(18

8 oxygenO  0.633 (96.7%) 0.250 

)(22
11 sodiumNa  2.61 years )(22

10 neonNe  0.545 (89.8%) 0.215 

)(32
15 phosphorusP  14.3 days )(32

16 sulfurS  1.710 (100%) 0.665 

)(85
36 kryptonKr  10.8 years )(85

37 rubidiumRb  0.687 (100%) 0.270 

)(90
38 strontiumSr  28.7 years )(90

39 yttriumY  0.546 (100%) 0.196 

)(90
39 yttriumY  64.1 h )(90

40 zirconiumZr  2.28 (100%) 0.938 

)(106
44 ruthéniumRu  374 days )(106

45 rhodiumRh  0.039 (100%) 0.010 

)(106
45 rhodiumRh  29.8 sec )(106

46 palladiumPd 3.54 (78.6%) 
3.03 (8.1%) 
2.41 (10.0%) 
1.98 (1.8%) 

1.51 
1.27 

0.976 
0.779 

)(170
69 thuliumTm  129 days )(170

70 ytterbiumYb  0.968 (100%) 0.317 

)(204
81 thalliumTl  3.78 years )(204

82 leadPb  0.763 (97.1%) 0.300 

 
Cobalt-60, caesium-137 and iridium-192, which are β emitters, have not been given as they are 
generally used for the energetic γ which they emit.  
 

5.3 Accelerators 

 
Electrons are charged particles. The principle of their acceleration is therefore similar to the 
acceleration of ions, through an electric field.  
The principle is the following: first of all, an electron beam must be created by heating an electrode 
(cathode), which is generally made up of a tungsten filament. The electrons released are then 
accelerated in a vacuum tube with resonant cavities, which are fed by amplifying high frequency 
tubes, or klystrons. These cavities can provide electrons with an accelerating electric field of 10 to 20 
MV.m-1. An electron accelerator which can produce 20 MeV electrons is a "reasonably" sized device.  
 
In radiotherapy, electron accelerators are increasingly used. These are linear accelerators, capable of 
supplying electrons with energy of a few MeV to 20-25 MeV.  
 

6 Discussion - Presentation of the documents 

6.1 Preface 
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This report, as well as the FIBI database (Facilities for Irradiation in BIology) which goes with it, 
present the beginning of a project undertaken in the DSV/DIR/Carmin unit on the inventory of CEA 
external irradiation tools which are available to biologists. It shall be updated regularly, in accordance 
with the new documents which become available. The authors would like this tool aimed at helping 
scientists to cover all of the facilities which wish to be included. The authors can be contacted at the 
following address: carmin.dsv@cea.fr, so as to include other facilities. More generally, this tool can be 
modified according to the comments of its users. 
 
The facilities mentioned do not include all of the CEA facilities used in radiobiology. There are also 
some remarkable facilities in other bodies and FIBI could be extended so as to become a wider tool of 
assistance.  
 

6.2 Presentation of the documents 

 
For each facility, some general information is provided: name, location, contact details of official.  
The following information is split into four groups:  

o Conditions of access;  
o Irradiation characteristics (nature and energy of particles, dosimetry...);  
o The characteristics of the irradiation area (dimensions, position, dose rate or linear energy 

transfer, type of object to be irradiated, particular constraints);  
o Annex facilities specific to biology, which can be made available to users.  

 

6.3 The problem of calibrating ionizing radiation "beams" 

 
Annex 2 presents the calibration services provided by the Laboratoire National Henri Becquerel 
(DRT/DETECS/LNHB). This laboratory is the benchmark for certain kinds of irradiation, that is to say, 
the reference point which all laboratories undertaking calibration services for the same kind of 
irradiation regularly consult.  
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ANNEX 1 - Documents list  
 
 
List of facility documents available at time of report 
 
Caesium irradiator IBL637 DSV/DRR/LRCG (Fontenay-aux-Roses) 

Cobalt irradiator  DSV/DRR/LREG (Saclay) 

Tandem 7 MV accelerator  DAM/DIF/DPTA/SP2A (Bruyères-le-Châtel) 

Ions beam, Ganil DSV/DRO/LRO-LARIA (Caen) 

Research reactor, Silène DAM/DRMN/SRNC (Valduc) 

Research reactor, Prospero  DAM/DRMN/SRNC (Valduc) 

Research reactor, Caliban  DAM/DRMN/SRNC (Valduc) 

Accelerator - neutron producer, Sames  DAM/DRMN/SRNC (Valduc) 

Accelerator - neutron producer, Alvarez  DAM/DRMN/SRNC (Valduc) 

Faxitron X-ray generator  DSV/DBJC/SBGM (Saclay) 

Pulsed electron accelerator, Alienor DSM/DRECAM/SCM (Saclay) 

Cobalt irradiator in pool ARC-Nucléart (Grenoble) 

Hot cell cobalt irradiator ARC-Nucléart (Grenoble) 

Galaxy Irradiator Shering – CIS bio International (Saclay) 

Panoramic irradiator Pagure Shering – CIS bio International (Saclay) 

Pool irradiator Poseidon Shering – CIS bio International (Saclay) 

Collimated cobalt irradiator, high dose rate DSV/DRR/LRCG (Fontenay-aux-Roses) 

Collimated cobalt irradiator, low dose rate DSV/DRR/LRCG (Fontenay-aux-Roses) 
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Caesium Irradiator IBL637 
 
CEA Fontenay-aux-Roses – Building 05 
DSV/DRR/LRCG 
 

 
 
Contact: Hervé COFFIGNY 

 : (33) 1 46 54 82 48 
E-mail: coffigny@dsvidf.cea.fr 
 
 
 

 
 
 
Access restriction 

Access: category A or B workers – Ask the 
person in charge 

Individual dosimeter wearing required 

Procedure for use: Time-schedule – register to 
the person in charge 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: full time – no period of 
maintenance 

Average duration of an experiment: few minutes to 
one hour 

 
Radiation properties 

PHOTONS – 137Cs source 
o Half-life: 30 years 
o 1 γ of energy 662 keV 
o Collimated source 

Activity on 1rst January 2005: 
72 TBq 

Dosimetry : 
o SDOS/98-03 report, IPSN (1998) – reference dosimetry at each level of irradaition 
o Range of doses delivered to biological samples: 1 to 10 Gy 

 
Properties of the irradiation area 

Horizontal Confined irradiation area (like a oven) 

Irradiation of cells/yeast Possibility of small animals (homogeneity of the 
dose not ensured) 

3 levels of irradiation: 
 

o Level 25 
 

o Level 45 
 

o Level 55 with conical 
shielding 

Absorbed dose rate in the air 
(01/01/2003): 
1,91 Gy.min-1  
 
0,66 Gy.min-1  
 
0,099 Gy.min-1

Dimension of the 95% isodose:
 
Circle of radius 5 cm  
 
Circle of radius 7 cm  
 
Circle of radius 5 cm  

Multiple scattering: yes (thick walls) Specific culture flask: no 
Ambient temperature Atmospheric pressure Sample changer: no 

 
Nearby facilities for biological purposes 

The irradiator is located in the building 05, dedicated to biology. 
The availability of various technical means is to be discussed before with the person in charge of the 
facility. 
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COBALT irradiator 
 
CEA-Saclay Gif-sur-Yvette – Building 820 
DSV/DRR/LREG 
 

 
 
Contact: Jean-Jacques LEPLAT 

 : (33) 1 34 65 28 07 
E-mail: leplat@dsvidf2.cea.fr 
 
 
 

Access restrictions 
Access: category A or B workers – Ask the 
person in charge 

Individual dosimeter wearing required to come into 
the blockhouse 

Procedure for use: planning Time-schedule – 
register to the person in charge 
Access free of charge 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: full time – period of 
maintenance: 5 days per year 

Average duration of an experiment: few minutes to 
few hours 

 
Radiation properties 

PHOTONS – set of 8 60Co sources 
o Half-life: 5,27 years 
o 2 γ of energy 1,17 and 1,33 MeV 
o Collimated sources 

Total activity on 1rst January 2003 
74 TBq 

Dosimetry: 
o Performed in 1990 
o Usual doses 0,01 to 10 Gy 

 
Properties of the irradiation area 

Horizontal or vertical (The 8 sources allow for a 
large volume where the dose is homogeneous) 

Not confined irradiation area (blockhouse) 

Irradiation of cells/yeast Small and large animals 

3 irradiation areas: 
 

o At the centre of the 8 
sources 

 
o Close to a source (high 

doses) 
 

o Low dose area (10 mGy) 

Absorbed dose rate in the 
tissue (01/01/2003): 
from 0,28 Gy.min-1 (8 sources) 
to 0,035 Gy.min-1 (1 source) 
 
3,1 Gy.min-1  
 
 
Low dose rate 

Dimension of the 95% isodose:
 
Volume of 40 × 40 × 80 cm3 
(large volume or large number of 
tubes/dishes) 
Rotary tray of 10 cm in diameter 
– report on dosimetry 
DTA/ETCA/CEB n° 30/DPN/ER 
Cylinder of 20 cm in diameter 
and 20 cm high 

Multiple scattering: small Specific culture flasks: no – All containers possible 
Ambient temperature Ambient pressure Sample changer: no 

 
Nearby facilities for biological purposes 

Available room close to the 
irradiation room 

Access: contact before the 
person in charge 

Laboratory of molecular biology

Freezers (-20° et -80°C), cold stores 
(+4, -10 et -20°C) 

Microscope with digital video 
camera 

Cell culture (incubator, 
microscope, chemical hood) 

Animal house: no Authorized animals : rodents, pigs, rabbits 
Other species: Ask the person in charge 
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Samp

Tandem 7 MV 
 
CEA/DAM/DIF 
Bruyères-le-Châtel 
 
 
DIF/DPTA/SP2A 

 
 
Contacts: Isabelle BAILLY  : (33) 1 69 26 48 29 
  Jean-Luc PONCY  : (33) 1 46 54 84 27 
e-mail: isabelle.bailly@cea.fr  

or jean-luc.poncy@cea.fr 
 
 

Access restrictions  
Access: category A or B workers to en
irradiation hall – Ask the person in charge 
Procedure for use: Proposals for experime
submitted to the Program Advisory Co
(planning every 6 months) 
Specific restrictions for access 
Availability for biology: on condition t
experiment is accepted with its particular equip

 
Radiation properties 

Ions:  
o H (protons) 
o  He (alphas) 

 
o 0,66 - 11,5 MeV
o 2,4 – 15,7 MeV 

Fluence rate:  
 

o Low rate: 104 – 5.105 ions.cm-2.s-1 
 

o High rate: 106 – 108 ions.cm-2.s-1 
 
Dosimetry: 
I Bailly et al., Nucl. Instr. And Meth. B 187 (200

 
Properties of the irradiation area 

Vertical Irradiati
Dose (absorbed dose to tissue): 

o Low rate: < 10 Gy 
 

o High rate: up to 1000 Gy 
Multiple scattering: very 
small 

Specific culture 
diameter, sterile

 
Ambient temperature 
 

 
Ambient pressu

 
Nearby facilities for biological purposes 

Available rooms close to the 
irradiation hall 

Cell culture 
microscope, lam

 

Cellule CARMIN – (33) 
CEA – Direction des scie

Route du panorama 92265 Fontenay-
Beam line
Beam 
output 

window 

Flasks with control cells 

Flasks with sample cells

le changer 

Scintillator 

ter the Individual dosimeter wearing required – 
supply of a visitor dosimeter 

nts are 
mmittee 

No scientific collaboration required with the 
staff in charge of the facility 

hat the 
ments 

Average duration of an experiment: 
campaigns of 1 to few days including several 
irradiations of few seconds to few minutes 
duration 

 
 

o 4,2 – 50 keV/µm 
o 40 – 180 keV/µm 

Irradiation hall: 
 
L/2 

Fluence measurement: 
 

o Low rate: plastic scintillator + track-etch 
detectors (CR39) 

o High rate: Faraday cups 
dE/dx given by numerical calculation (SRIM) 

2) pp 137-148 

on cells/yeasts  
Irradiation area: 
 
1,5 cm²  - homogeneity better than 90%
 

flasks: yes (1 cm in 
) 

Sample changer: yes 

re 
Possibility of irradiation of slides 
under a laminary flow hood and 
inside Petri dishes (φ = 6 cm) 

(CO2 incubator, 
inar flow hood) 

Centrifuge, waterbath 

1 46 54 98 34 
nces du vivant 
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Ion beam GANIL 
 
CEA/CNRS Caen 
 
DSV/DRR/LRO-LARIA 
DSM/DRECAM/CIRIL 

 
 
Contact: Isabelle TESTARD 

 : (33) 2 31 45 47 31 
E-mail: testard@ganil.fr 
WEB site: http://www.ganil.fr/ciril/ 
 
 
 

Access restriction  
Access: category A or B workers to enter the  
irradiation hall – Ask the person in charge 

Individual dosimeter wearing required – Passive 
individual dosimeter + supply of a visitor 
dosimeter 

Procedure for use: proposals for experiments are 
submitted every six months to the GANIL Program 
Advisory Committee 

No scientific collaboration required with the staff 
in charge of the facility 

Availability for biology: 4% of the available time –
periods of maintenance for this facility 

Duration of an experiment: series of 1 to 
several days 

 
Radiation properties 

Ions:  
C to U depending on the distance to the target 

Irradiation hall 

Medium energy line (SME): 
 

o 4 – 13 MeV/nucleus 
o 1500 – 4000 keV/µm in the target 
o 105 – 107 ion.cm-2 (< 1012 ions.cm-2) 
o 103 ion.s-1 (accuracy 10%) 

High energy line (HE): 
 

o 20 – 95 MeV/nucleus 
o 20 – 1000 keV/µm in the target 
o 104 – 105 ion.cm-2 (< 1012 ions.cm-2) 

Dosimetry: 
o E given by the accelerator 
o dE/dx calculated 
o Fluence is calculated, and 

checked with the dosimetry 

SME line (D1):  
o X-ray detector 
o Track-etch 

dosimeters (low 
fluence) 

HE line:  
o Dosimetry non provided 

by the GANIL for hall G4, 
dosimetry supplied for 
hall D1 (same as SME) 

 
Properties of the irradiation area 

Vertical Irradiation of cells/yeast Possibly small animals 
2 irradiation halls: 
 

o Hall D1 – SME and HE lines 
o Hall G4 – HE line 

Dose (absorbed dose to 
tissue): 
0,1 Gy to few kGy 
0,1 Gy to few kGy 

Irradiation area: 
 
3 × 3 cm² maximum
4 × 20 cm² maximum 

Multiple scattering: very small Specific culture flask: yes in 
hall D1 

Sample changer: yes in D1 (30 
flasks/run) 

Ambient temperature – preservation 4° – 37° available Ambient pressure 
 

Nearby facilities for biological purposes 
Air-conditioned rooms close to the 
irradiation hall 

Cell culture (incubator, 
microscope, biosafety cabinet) 

Molecular biology 

Freezers, cold stores (+4 and –20°C) Analysis means: PCR, microscopy, image analyzer, 
plate reader… 

Application for the installation of a 
animalery for a temporary lodging 

Agreement for rodents housing in 
progress 

Chemicals (chemical hood) 
Ultra pure water 
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Reactor SILENE 
 
CEA Valduc – Building 10 
DAM/DRMN/SRNC 
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reactor 

Contact: Bernard VERREY 
 : (33) 3 80 23 51 85 

E-mail: bernard.verrey@antigone.cea.fr 
 
 
 
 

Access restrictions 
Access: category A or B workers + local training 
in radiation protection 

Individual dosimeter wearing required – Possible 
supply of a visitor dosimeter by the local radiation 
protection department 

Procedures for use: time-schedule six months 
ahead 
Usage fee: ask to the person to contact 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: + 1 to 5 experiments per week 
 

Radiation properties 
Neutrons + photons: 

o Reactor with liquid nuclear fuel 
o Total energy delivered ≤ 5.1017 fissions 

(depending on the operating mode) 

Large irradiation hall of 20 m long: 
Possibility of several experiments simultaneously, 
at various doses, by changing the distance 
source/experiment 

Configurations of the source: 
 

o Bare reactor core 
o With lead shielding 
o With polyethylene shielding 
o With steel shielding 

photon dose (dose to tissue) to neutron dose 
(tissue kerma) ratio: 
1 to 2 
0,05 to 0,5 
10 
0,2 to 0,4 

Doses usually delivered: 0,2 to 10 Gy 
 
Dose gradient in function of the distance (factor 
10 to 50 between the lower and the higher dose - 
doses are delivered simultaneously) 

Energy spectrum: 
o Fission spectrum (energy from 0 to 15 

MeV) for neutrons – Average energy 0,8 
MeV 

o Average energy of about 1 MeV for 
photons 

 
Properties of the irradiation area 

Vertical Irradiation of cells/yeast Irradiation of small or large 
animals is feasible 

Operating modes: 
PULSE 
FREE EVOLUTION 
STEADY-STATE 

Experiment duration: 
1 to 2 seconds 
few minutes 
several hours 

Approximated dose rate: 
10 to 200 Gy.min-1

0,2 to 2 Gy.min-1 

5 to 50 mGy.min-1

Multiple scattering: very small 
because of the large experiment hall Specific culture flask: no Sample changer: no 

Ambient temperature Ambient pressure After the experiment, the dose is 
provided by the facility staff. 

 
Nearby facilities for biological purposes 

Air-conditioned rooms close to the irradiation hall Refrigerator – freezer, possibly centrifuge 
Animal house: Air-conditioned rooms available for 
cages 

Ask the person in charge in case of a animal 
irradiation 

 



Reactor PROSPERO 
 
CEA Valduc – Building 22 
DAM/DRMN/SRNC 
 

 
 
Contact: Bernard VERREY  : (33) 3 80 23 51 85 
   Nicolas AUTHIER  : (33) 3 80 23 51 60 
E-mail: bernard.verrey@cea.fr 
        or nicolas.authier@cea.fr 
 
 
 
 

Access restrictions 
Access : category A or B workers Individual dosimeter wearing required - Possible 

supply of a visitor dosimeter by the local radiation 
protection department 

Procedures for use: time-schedule six months 
ahead 
Usage fee : Ask to the person in charge 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: depending on needs Duration of the experiment: per day 
 

Radiation properties 
Neutrons + photons 

o Reactor with solid nuclear fuel, operating in continuous mode 
o Total energy delivered ≤ 2.1018 fissions 
o Steady-state duration: up to several hours – Possibility of enter the hall after 1⁄2 to 1 hour 

Energy spectrum: 
o Fission spectrum (from thermal neutrons up to 15 

MeV) – Average neutron energy 0,75 MeV 
o Average energy of about 1 MeV for the photons 

Photon dose to neutron dose ratio: 
 
0,3 to 4,8 

Doses usually delivered: 1 to 100 Gy 
 
Dose gradient in function of the distance (factor 
10 to 20 between the lower and the higher dose 
(doses are delivered simultaneously) 

Large irradiation hall of 8 m × 8 m 
 
Possibility of several experiments simultaneously, 
at various doses, by changing the distance 
source/experiment 

 
Properties of the irradiation area 

Vertical Irradiation of cells/yeast Irradiation of small or large 
animals is feasible 

Operating mode: 
 
STEADY-STATE 
 

Duration of one experiment :
 
Several hours 

Approximated dose rate: 
 

0,1 Gy.min-1

Multiple scattering: very small 
because of the large experiment 
hall 

Specific culture flask: no Sample changer: no 

Ambient temperature Ambient pressure After the experiment, the dose is 
provided by the facility staff. 

 
Nearby facilities for biological purposes 

Air-conditioned rooms close to the irradiation hall Refrigerator – freezer, possibly centrifuge 
Animal house: Air-conditioned rooms available for 
cages 

Ask the person in charge in case of a animal 
irradiation 
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Reactor CALIBAN 
 
CEA Valduc – Building 22 
DAM/DRMN/SRNC 
 

 
 
Contact: Bernard VERREY  : (33) 3 80 23 51 85 
   Nicolas AUTHIER  : (33) 3 80 23 51 60 
E-Mail: bernard.verrey@cea.fr 
        or nicolas.authier@cea.fr 
 
 
 
 

Terms of access 
Access: category A or B workers + local training in 
radiation protection 

Individual dosimeter wearing required – 
Possible supply of a visitor dosimeter by the 
local radiation protection department 

Procedures for use: time-schedule six months ahead
Usage fee: ask to the person in charge 

No scientific collaboration required with the staff 
in charge of the facility 

Availability for biology: depending on needs Up to six experiments per week 
 
 

Radiation properties 
Neutrons + photons 

o Pulsed reactor using solid nuclear fuel 
o Total energy delivered ≤ 6.1016 fissions 
o Pulse duration : 2 ms – After two hours, possibility of entering the reactor hall 

Energy spectrum: 
o Pure fission spectrum (energy from 0 to 

15 MeV) for neutrons – Average energy 
1,4 MeV 

o Average energy of about 1 MeV for 
photons 

Exposure: 
 
from 1,2.10-3 C.kg-1 to 0,6 C.kg-1    

Doses usually delivered: 1 to 100 Gy 
 
Dose gradient in function of the distance (factor 
10 to 20 between the lower and the higher dose 
(doses are delivered simultaneously) 

Large irradiation hall of 8 m × 8 m 
 
Possibility of several experiments simultaneously, 
at various doses, by changing the distance 
source/experiment 

 
Properties of the irradiation area  

Vertical Irradiation of cells/yeast Irradiation of small or large 
animals is feasible 

Operating modes: 
PULSE 
 
STEADY-STATE 

Experiment duration: 
1 to 2 milliseconds 
 
several hours 

Approximated dose rate: 
Very high dose rate 
 

Low to medium dose rate 
Multiple scattering: very small 
because of the large experiment hall Specific culture flask: no Sample changer: no 

Ambient temperature Ambient pressure After the experiment, the dose is 
provided by the facility staff. 

 
Nearby facilities for biological purposes 

Air-conditioned rooms close to the irradiation hall Refrigerator – freezer, possibly centrifuge 
Animal house: Air-conditioned rooms available for 
cages 

Ask the person in charge in case of a animal 
irradiation 
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Accelerator SAMES 
 
CEA Valduc – Building 
14 
DAM/DRMN/SRNC 
 

 
 
Contact: Bernard VERREY  : (33) 3 80 23 51 85 
 
E-mail: bernard.verrey@cea.fr 
 
 
 

Access restrictions  
Access: category A or B workers Individual dosimeter wearing required – Possible 

supply of a visitor dosimeter by the local radiation 
protection department 

Procedure for use: time-schedule six months 
ahead 
Usage fee: contact the person in charge 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: according to need Average duration of an experiment: few minutes 
up to few hours 

 
Radiation properties 

Accelerator: production of neutrons with a narrow energy spectrum 
o Tritium target: production of 14 MeV energy neutrons 
o Deutérium target: production of  2,5 MeV energy neutrons 

 
Operating modes: 

o Pulse mode: pulses of 3 ns 
 

o Continuous mode 

Flux : 
o 109 n.s-1 (14 MeV) and 3.107 n.s-1 (2,5 MeV) 

 
o 5.1010 n.s-1 (14 MeV) and 1,2.109 n.s-1 (2,5 

MeV) 
Doses usually delivered : several Gy 
 
Dose gradient in function of the distance (factor 
2 to 10 between the lower and the higher 
doses) 

Irradiation hall of 6 m × 6 m 
 
 

 
Properties of the irradiation area 

Vertical Irradiation of cells/yeast Possibly small animals 

Dimension of the irradiation area: 

increases in function of the distance to 
the target – from few cm² to 100 cm²

Experiment duration: 

few minutes to few hours 

Approximated dose rate: 
 

1 Gy.min-1

Multiple scattering: very small 
because of the large experiment hall 

Specific culture flask: no Sample changer: no 

Ambient temperature Ambient pressure After the experiment, the dose is 
provided by the facility staff. 

 
Nearby facilities for biological purposes 

Air-conditioned rooms close to the irradiation hall Refrigerator – freezer, possibly centrifuge 
Animal house: Air-conditioned rooms available for 
cages 

Ask the person in charge in case of a animal 
irradiation 
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Accelerator ALVAREZ 
 
CEA Valduc – Building 14 
DAM/DRMN/SRNC 
 

 
 
Contact: Bernard VERREY 

 : (33) 3 80 23 51 85 
 
E-mail: bernard.verrey@cea.fr 
 
 
 
 
 

Terms of access  
Access: category A or B workers Individual dosimeter wearing required – Possible 

supply of a visitor dosimeter by the local radiation 
protection department 

Procedure for use: time-schedule six months 
ahead 
Usage fee: contact the person in charge 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: according to need Average duration of an experiment: few minutes 
up to few hours 

 
Radiation properties 

Accelerator : production of neutrons with a narrow energy spectrum 
o Tritium target: production of 14 MeV energy neutrons 

 
Operating mode: 

o Pulse mode: pulses of 3 ns 
 

Flux : 
 
1010 neutrons.s-1 (at 14 MeV) 

Doses usually delivered : several Gy 
 
Dose gradient in function of the distance (factor 2 to 20 
between the lower and the higher doses) 

Irradiation hall of 17,5 m × 7 m 
 
 

 
Properties of the irradiation area  

Vertical Irradiation of cells/yeast Possibly small animals 

Dimension of the irradiation area: 

increases in function of the distance to 
the target – from few cm² to few 
hundreds of cm² 

Irradiation duration: 

few minutes to few hours 

Approximated dose rate: 

1 Gy.min-1

Multiple scattering: very small 
because of the large experiment hall 

Specific culture flask: no Sample changer: no 

Ambient temperature Ambient pressure After the experiment, the dose is 
provided by the facility staff. 

 
Nearby facilities for biological purposes 

Air-conditioned rooms close to the irradiation hall Refrigerator – freezer, possibly centrifuge 
Animal house: Air-conditioned rooms available for 
cages 

Ask the person in charge in case of a animal 
irradiation 
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X irradiator: 130 kV Faxitron 
 
CEA Saclay – Building 144 
DSV/DBJC/SBGM 
 

 
 
Contact: Jean-Yves THURET 

 : (33) 1 69 08 64 25 
E-mail: jthuret@cea.fr 
 
 
 

 
 
Access restriction 

Access: category A or B workers – Ask the 
person in charge 

Individual dosimeter wearing required 

Procedures for use: Time-schedule – Register to 
the person in charge. 

No scientific collaboration required with the staff in 
charge of the facility. 

Availability for biology: 100% of the time – no 
maintenance for this machine 

Average duration of an experiment: 5 seconds to 
one hour. 

 
Radiation properties 

X PHOTONS: 
o High voltage: 10 to 130 kV 
o Current 3 mA 
o Collimated source 

Energy spectrum: 
Wide - energy < 120 keV 

Dosimetry: 
o In progress 

 

 
Properties of the irradiation area 

Horizontal Confined irradiation area (like an oven) 

Irradiation of cells/yeast  

Irradiation levels: 
 

o Level 61 cm 
o Level 51 cm 
o Level 36 cm 
o Level 31 cm 

Dose rate at 120 kV: 
 
0,5 Gy. Min-1  
0,8 Gy. Min-1

1,8 Gy. Min-1

2,5 Gy. Min-1

Dimension of the irradiation 
area: 
Circle of 32 cm in diameter 
Circle of 27 cm in diameter 
Circle of 19 cm in diameter 
Circle of 16 cm in diameter 

Multiple scattering: yes (thick walls) Specific culture flask: no 

Ambient temperature Ambient pressure Sample changer: no 
  

Nearby facilities for biological purposes 
Available room close to the 
irradiation room 

Access: contact before the person in charge of the facility 

Animal house: no Cell culture, bacteria and yeasts 
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ALIENOR 
 
CEA Saclay 
 
DSM/DRECAM/SCM – 
Radiolysis laboratory 

 
 
 
 
 
Contacts :  
Stanislas Pommeret  : (33) 1 69 08 53 56 stanislas.pommeret@cea.fr 
Gérard Baldacchino  : (33) 1 69 08 57 02 baldacchino@drecam.cea.fr 
Jean-Philippe Renault  : (33) 1 69 08 15 52 jrenault@drecam.cea.fr 
Serge Pin  : (33) 1 69 08 15 49 spin@drecam.cea.fr 
 
 

Access restriction 
Access: category A or B workers - Contact the team Individual dosimeter wearing required – Supply 

of a visitor dosimeter 
Procedures for use: time-schedule two months 
ahead (experiment sheet) 

Scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: depending on the schedule Duration of an experiment: 5 minutes + time of 
pulse(s) 

 
Radiation properties 

Electron pulses: 
 
Energy 8, 9 or 10 MeV                                                   Up to 6.1012 electrons per pulse 
Pulse properties: 
 

o Single shot 
o from 10 ns (up to 100 Hz) 

 
o to 5 µs (at 1 Hz) 

Flux per pulse: 
 
 
o up to 50 nC (in 10 ns) 

 
o up to 1000 nC (in 1 µs) 

Dose for one pulse:  
 
 

o about 20 Gy for a pulse of 
duration 10 ns 

Dosimetry: 
o Chemical (SCN-, Fricke) 
o Real time measurements of the beam intensity and the pulse width 

 
Properties of the irradiation area  

Vertical plane Irradiation of molecules in solution Direct irradiation without scanning 

Irradiation hall 
 

Dose (absorbed dose in soft 
tissue): 
> 10 Gy 

Radiation area: 
 
1 × 1 cm² 

Multiple scattering: very 
small 

Specific culture flask: no Automatic sample changer and 
liquid mixing system: planned 

Ambient temperature – up to 400°C Ambient pressure – up to 100 MPa 

Use of non dangerous gas possible Available data: UV-visible absorption, FTIR 
 

Nearby facilities for biological purposes 
Chemical and biochemical 
laboratories 

Chemical hood, cold store 
(freezer), centrifuge 

Chemicals 
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COBALT Irradiator 
(Pool) 

 
ARC-nucléart Grenoble – Building R 
 
Located on the CEA site 

 
 
Contact: Laurent CORTELLA 

 : (33) 4 38 78 33 76 
e-mail: laurent.cortella@cea.fr 
 
 
 

Access restrictions 
Access: easy – Ask the person in charge category A or B workers and individual dosimeter 

wearing required to come into the blockhouse 
Procedures for use: time-schedule – Register to 
the person in charge. 
Usage fee: on estimate 

No scientific collaboration required with the staff in 
charge of the facility. 
Irradiations are carried out by the staff, on 
estimate. 

Availability for biology: depending on the 
schedule 

Average duration of an experiment: roughly one 
hour up to few days. 

 
Radiation properties 

Irradiation in a pool: 
 
PHOTONS – several set-up – up to 30 sources 
of 60Co 

o Half-life: 5,27 years 
o 2 γ of energy 1,17 and 1,33 MeV 
o Uncollimated sources, irradiation inside a 

container 

Total activity at 01/06/2005: 580 TBq 
 
Anémone Bio set-up: 50 TBq for 3 sources 
MINI statique set-up: 310 TBq for 4 sources 
INTI set-up: 0 source (220 TBq for 3 sources 
available, possibility of loading up to 8 sources 
(~600 TBq) or more by redistributing the sources 
available in the installation) 

Dosimetry: 
o Provided by the laboratory – accuracy 10% 
o Usual doses delivered 5 Gy to several kGy 

 
Properties of the irradiation area 

Horizontal or vertical depending on the set-up Irradiation area in water (pool) 

Irradiation cells/yeasts Multiple scattering: yes 

Irradiation area: 
 
o Anémone Bio ( container 

15 cm  x 25 cm x 50 cm high) 
 
 
o MINI (container 6 cm in 

diameter x 40 cm high) 
o INTI (container 13,5 cm in 

diameter x 90 cm high) 

Usual absorbed dose rate in 
the air: 

1,5 and 6,5 Gy.min-1

 
 
 
 
 

1 to 50 Gy.min-1

Dimension of the 90%  
isodose: 
1,5 Gy.min-1:  parallelepiped 10 
cm x 25 cm x 7 cm high; 
6,5 Gy.min-1:  "lengthened cap" 
10 cm x 20 cm for 4 cm high 
non available 
 
for instance, 37 Gy.min-1:  10 cm 
in diameter x 60 cm high 

Sample changer: no Specific culture flask: no 

Ambient temperature up to 200°C Ambient pressure or controlled atmosphere 
 

Nearby facilities for biological purposes 
Not for the moment 
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COBALT Irradiator 
(blockhouse) 

 
ARC-nucléart Grenoble – Building R 

 

 
Located on the CEA site 
 
 

 
 
Contact: Laurent CORTELLA 

 : (33) 4 38 78 33 76 
E-mail: laurent.cortella@cea.fr 
 
 
 

Access restriction 
Access: easy – Ask the person in charge category A or B workers and individual dosimeter 

wearing required to come into the blockhouse 
Procedures for use: time-schedule – Register to 
the person in charge. 
Usage fee: on estimate 

No scientific collaboration required with the staff in 
charge of the facility. 
Irradiations are carried out by the staff, on 
estimate. 

Availability for biology: depending on the 
schedule 

Average duration of an experiment: roughly one 
hour up to few days. 

  
Radiation properties 

Irradiations inside the blockhouse, in free air: 
 
PHOTONS – up to 52 sources of 60Co 

o Half-life: 5,27 years 
o 2 γ of energy 1,17 et 1,33 MeV 
o uncollimated sources 

 
 
Total activity at 01/06/2005: 
 
1330 TBq for 36 sources 

Dosimetry : 
o Provided by the laboratory – accuracy 10% 
o Doses usually delivered: few tens of Gy to several hundreds of kGy 

 
Properties of the irradiation area 

Vertical Irradiation area in free air 

Irradiation of cells/yeast Multiple scattering: small in the blockhouse 

Irradiation areas: 
o at 20 cm from the 

sources (nominal 
loading) 

o at 170 cm from the 
sources (nominal 
loading) 

o at 160 cm for 1 
source loading 

Absorbed dose rate in the air : 
  29 Gy.min-1  
  
 
 2 Gy.min-1

  
 
 33 mGy.min-1

Dimension of the 90% isodose:
Plane of 150 cm for 60 cm high 
and 5 cm deep 
 
Plane of 140 cm for 100 cm high 
and 24 cm deep  
 
Plane of 140 cm for 100 cm high 
and 15 cm deep  

Sample changer: no Specific culture flask: no 

Ambient temperature – possibility of heating up to 
200°C 

Ambient pressure - possibility of using various gas 
under pressure  

 
Nearby facilities for biological purposes 

Not for the moment 



Cellule CARMIN – 01 46 54 98 34 
CEA – Direction des sciences du vivant 

Route du panorama 92265 Fontenay-aux-Roses Cedex  

Irradiator GALAXIE 
(cobalt-60)  

 
Schering - CIS bio international– 
Building 127 
 
Located on the CEA site of Saclay 

 
 
 
 
Contact: 
Dominique DUVAL   : (33) 1 69 85 70 24 dduval@cisbiointernational.fr 
 
 

Access restrictions 
Access : category A or B workers for the hall – 
Ask the person in charge 

Individual dosimeter wearing required to place the 
samples in the irradiator 

Procedures for use: Set-up an appointment with 
the person in charge (D.DUVAL). 
Usage fee: ask the marketing man (D. Duval) 

No scientific collaboration required with the staff in 
charge of the facility. 
 

Availability for biology: depending on the 
schedule 

Average duration of an experiment: roughly few 
minutes up to few days. 

 
Radiation properties 

Irradiation in the chamber of the irradiator: 
 
PHOTONS – 1 source of 60Co 

o Half-life: 5,27 years 
o 2 γ of energy 1,17 and 1,33 MeV 
o Uncollimated source, panoramic irradiation in a small 

chamber 

Maximum activity: 
 
3,7.1011 Bq (10 Ci) 

Dosimetry: 
o Provided by the laboratory – accuracy 10% 
o Doses usually delivered 0,1 to 10 kGy 

 
Properties of the irradiation area 

The irradiation chamber is cylindrical, 420 mm height and 160 mm of radius. 
The “point” source is located at the centre of the chamber, samples are placed all around. 
 
Rather vertical Confined irradiation area (chamber) 

Irradiation of cells/yeast Multiple scattering: yes 

Irradiation area:  
 

o  at 4 cm from the sources 
 

o At 20 cm from the source 
 

Usual absorbed dose rate in 
the air: 
0,18 Gy.min-1

 
8 mGy.min-1  
 

Dimension of the 95% isodose:
 
On the circle of radius 4 cm, ± 
0,5 cm 
On the circle of radius 20 cm, ± 
0,5 cm 

Sample changer: no Specific culture flask: no 
2 holes providing direct connexions with the chamber 
Ambient temperature Ambient pressure 

 
Nearby facilities for biological purposes 

Not for the moment 
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Panoramic irradiator 
PAGURE (cobalt-60)  

 
Schering - CIS bio international– 
Building 127 
 
Located on the CEA site of Saclay 

 
 
 
Contact:
Dominique DUVAL   : (33) 1 69 85 70 24 dduval@cisbiointernational.fr 
 

Access restriction 
Access : category A or B workers for the hall – Ask the 
person in charge 

Individual dosimeter wearing required to place the 
samples in the irradiation room 

Procedures for use: Set-up an appointment with the 
person in charge (D.DUVAL). 
Usage fee: ask the marketing man (D. Duval) 

No scientific collaboration required with the staff in 
charge of the facility. 
 

Availability for biology: depending on the schedule Average duration of an experiment: roughly few 
minutes up to few days. 

 
Radiation properties 
Irradiation in the irradiator room: 
 
PHOTONS –8 60Co sources, arranged in a circle 11 cm in diameter 

o Half-life: 5,27 years 
o 2 γ of energy 1,17 and 1,33 MeV 
o Uncollimated sources, panoramic irradiation inside the chamber 

Maximum activity: 
 
7,4.1014 Bq (20000 Ci) 

Dosimetry: 
o Provided by the laboratory – accuracy 10% 
o Doses usually delivered 1 to 105 Gy 

 
Properties of the irradiation area 

Dimensions of the irradiation room: 5 m × 5 m × 5 m. 
The sources are located at the centre of the room; the samples are set around, the circle being divided in 6 
parts (cost is calculated per « hour part »). 
Vertical (horizontal is available for low dose rates) Confined irradiation area: no 

Irradiation cells/yeasts Multiple scattering: small 

Irradiation area:  
 

o At 3,5 m from the sources  
 

o At 43 cm from the source 
 

Usual absorbed dose rate 
in the air: 
0,17 Gy.min-1  
 
16,7 Gy.min-1  
 

Dimension of the 95% isodose: 
 
On the circle of radius 3,5 m, ± 10 cm 
 
On the circle of radius 43 cm, ± 2 cm 

Sample changer: no Specific culture flask: no 
Several holes providing direct connexions with the chamber (Possibility of controlled atmosphere) 
Ambient temperature + possibility of thermostated shell 
at 37 °C 

Ambient pressure 

 
Nearby facilities for biological purposes 

Not for the moment 
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Pool irradiator POSEIDON 
(cobalt-60)  

 
Schering - CIS bio international– 
Building 127 
 
Located on the CEA site (Saclay) 

 
 
 
 
Contact: 
Dominique DUVAL   : (33) 1 69 85 70 24 dduval@cisbiointernational.fr 
 

Access restrictions 
Access: category A or B workers to enter the hall 
– contact the person in charge 

Individual dosimeter wearing required to put the 
samples in the pool 

Procedures for use: Set-up an appointment with 
the person in charge (D.DUVAL). 
Usage fee, ask the marketing man (D. Duval) 

No scientific collaboration required with the staff in 
charge of the facility. 
 

Availability for biology: depending on the 
schedule 

Average duration of an experiment: few minutes to 
few hours, and even more 

 
Radiation properties 

Irradiation at the bottom of the irradiator pool: 
PHOTONS – 30 60Co sources, located on a ring, around the 
containers 

o Half-life: 5,27 years 
o 2 γ of energy 1,17 and 1,33 MeV 
o Uncollimated sources, irradiation inside a container 

 

Maximum activity: 
 
3,7.1016 Bq (106 Ci) 

Dosimetry: 
o Provided by the laboratory – accuracy 10% 
o Usual doses delivered 1 Gy to 105 Gy 

 
Properties of the irradiation area 

Samples are put inside watertight, ventilated and temperature-controlled containers. 
Volume of the pool containers: 15 litres (26 cm in diameter) and 55 litres (42 cm in diameter) 
Vertical Confined irradiation area: yes (pool) 

Irradiation cells/yeasts Multiple scattering: yes 

Irradiation area:  
 

o Cylinder h = 30 cm, 
diameter = 10 to 30 cm 

 
o Cylinder h = 30 cm, 

diameter = 10 to 30 cm 

Usual absorbed dose rate in 
the air: 
0,17 Gy.min-1 (with shielding) 
 
 
16,7 Gy.min-1 (without 
shielding) 
 

Dimension of the 95% isodose:
 
On the circle with 20 cm radius, ± 
10 cm 
 
On the circle with 20 cm radius, ± 
10 cm 

Sample changer: no Specific culture flask: no 
Ambient temperature with the possibility of  
control the temperature from 0 to 100 °C. 

Ambient pressure 

 
Nearby facilities for biological purposes 

Not for the moment 
 



COBALT irradiator  
(high dose rate) 
 
CEA Fontenay-aux-Roses – 
Building 19 
DSV/DRR/LRCG 

 
 
Contact : Hervé COFFIGNY 

 : (33) 1 46 54 82 48 
e-mail : herve.coffigny@cea.fr
 
 

Access restrictions 
Access: category A or B workers – Ask the 
person in charge 

Individual dosimeter wearing required inside the 
irradiation room 

Procedure for use: planning Time-schedule – 
register to the person in charge 
Paying access for laboratories outside DSV 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: full time unless during 
periods of maintenance 

Average duration of an experiment: few minutes to 
few hours 

 
Radiation properties 

PHOTONS –  60Co source 
o Half-life: 5,27 years 
o 2 γ of energy 1,17 and 1,33 MeV 
o Collimated source 

Total activity on 1rst June 2005 
279 TBq 

Dosimetry : 
o Carried out at the beginning of the facility operation by bureau Veritas (1rst half-year 2005) 
o Usual doses delivered to biological tissues : a few mGy (at 10 m from the source) to few tens 

of Gy (at 1 m from the source) 
 

Properties of the irradiation area 
Horizontal or vertical Irradiation hall of 10 m long – Alcyon-type medical 

irradiator 

Irradiation of cells/yeast Possibility of irradiation of animals 

2 irradiation configurations: 
 

o Horizontal beam (up to 
10 m from the source) – 
The sample is vertical or 

orizontal 
 

o 

 

Air kerma rate (01/01/2005): 
 
from 1,5 Gy.min-1 (at 1 m) to 15 
mGy.min-1 (at 10 m) 
 
 
 

-1

Dimension of the 90% isodose:
 
Circle of 18 cm radius (at 1 m) to 
60 cm radius (at 4 m) 
 

Multiple
Ambien

 
Nearby faciliti

Incubato
 

 

h

Vertical beam (up to 1,90 
m from the source) – The 
sample is horizontal 

From 1,5 Gy.min  (at 1 m) to 
0,45 Gy.min-1 (at 1,9 m) 

 scattering: small Specific culture flasks: no – All containers possible 
t temperature Ambient pressure Sample changer: no 

es for biological purposes 
r, centrifuge, laminar flow hood, microscope 

Cellule CARMIN – (33) 1 46 54 98 34 
CEA – Direction des sciences du vivant 

Route du panorama 92265 Fontenay-aux-Roses Cedex  



COBALT irradiator  
(low dose rate) 
 
CEA Fontenay-aux-Roses – 
Building 19 
DSV/DRR/LRCG 
 

 
 
Contact : Hervé COFFIGNY 

 : (33) 1 46 54 82 48 
e-mail : herve.coffigny@cea.fr
 

Access restrictions 
Access: category A or B workers – Ask the 
person in charge 

Individual dosimeter wearing required inside the 
irradiation room 

Procedure for use: planning Time-schedule – 
register to the person in charge 
Paying access for laboratories outside DSV 

No scientific collaboration required with the staff in 
charge of the facility 

Availability for biology: full time unless during 
periods of maintenance 

Average duration of an experiment: few minutes to 
3 days 

 
Radiation properties 

PHOTONS –  60Co source 
o Half-life: 5,27 years 
o 2 γ of energy 1,17 and 1,33 MeV 
o Collimated source 

Total activity on 1rst June 2005 
4.4 TBq 

Dosimetry : 
o Carried out at the beginning of the facility operation by bureau Veritas (1rst half-year 2005) 
o Usual doses delivered to biological tissues : less than 1 mGy to few Gy  

 
Properties of the irradiation area 

Horizontal or vertical Irradiation hall of 10 m long – Alcyon-type medical 
irradiator 

Irradiation of cells/yeast – possibility of irradiation 
inside an incubator 

Possibility of irradiation of animals 

3 irradiation configurations: 
 

o Horizontal beam (up to 
10 m from the source) – 
The sample is vertical or 
horizontal 

o Vertical beam (up to 1,90 
m from the source) – The 
sample is horizontal 

 
o Horizontal beam – inside 

the incubator – The 
sample is horizontal (in 
the incobator) 

Air kerma rate (01/01/2005): 
 
From 24 mGy.min-1 (at 1 m) to 
0,24 mGy.min-1 (at 10 m) 
 
 
From 24 mGy.min-1 (at 1 m) to 
6 mGy.min-1 (at 1,9 m) 
Inside the incubator at 1 m : 10 
mGy.min-1

From 20 mGy.min-1 (at 1 m) to 
0,2 mGy.min-1 (at 10 m) 

Dimension of the 90% isodose:
 
Circle of 18 cm radius (at 1 m) to 
60 cm radius (at 4 m) 
 

Multiple scattering: small Specific culture flasks: no – All containers possible 
Ambient temperature or 37°C if 
irradiation inside the incubator 

Ambient pressure Sample changer: no 

 
Nearby facilities for biological purposes 

Incubator, centrifuge, laminar flow hood, microscope 
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CALIBRATION SERVICES,  
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French National Laboratory of Metrology 
 

Laboratoire National Henri Becquerel - LNHB 
Laboratoire de Métrologie de la Dose - LMD 
 
CEA SACLAY – Bât 534 
DETECS/LNHB 
 

 
Contact: Jean-Marc Bordy 

: (33) 1 69 08 41 89 
 
e-mail: jean-marc.bordy@cea.fr 
 

The National Laboratory Henri Becquerel (LNHB) at CEA is the French national laboratory of 
metrology for ionising radiation. It is one of the French National Standard Laboratories federated 
by the “Laboratoire National de métrologie et d’Essai” (LNE) to cover all the aspects of 
metrology (length, mass, time, ionising radiation, …). The LNHB comprises laboratories for 
Absorbed Dose and Radioactivity metrologies, and a group in charge of evaluating nuclear and 
atomic data relative to the decay of radio nuclides. The LMD (Laboratoire de Métrologie de la 
Dose) is the dosimetry laboratory of the LNHB. It is particularly in charge of the dosimetric 
quantities, (i) kerma and absorbed dose with the gray (Gy) as unit, and (ii) dose equivalent 
quantities with the sievert (Sv) as unit. 
 
The LNHB references concern mainly nuclear industry for monitoring of workers and public and 
health applications where not only workers and public have to be monitored but also patients as 
it is stated in European directive 97/43. Thus, health care applications cover a wide range of 
situation, for which LNHB have facilities identical to those in use in medical centres, such as (i) 
diagnosis (radiography, mammography, …), (ii) radiotherapy (medical accelerator or cobalt 60 
source) for external irradiation and (iii) brachytherapy.
 
In the area of ionizing radiation, the LNHB is in charge of the following main tasks:  
 

 improve the national references and develop new references through new research in 
relation with other French and foreign research laboratories.  

 maintain the national references and allow users direct or indirect access to these 
metrological references.  

 
Calibration services are provided by the LMD, within the framework of the COFRAC calibration 
chain, for photon and electron dosimetry (i) for the Accredited Standard Laboratories (ASL) and 
(ii) for final users in the areas of medicine and radiation protection, either on site or in LMD 
beams. 

 
Services include, among others : the irradiation of passive and active dosimeters. It is not 
possible to irradiate animals. The LNHB can carry out numerical dosimetry studies through 
computational tools including the Monte Carlo method. 

 



 
Dosimetric techniques implemented in the LMD 
 
For passive dosimetry, the LMD operates TLD, Fricke and Electron Spin Resonance (ESR) on alanine dosimeters. The 
active dosimetry techniques operated by the LMD are calorimetry and measurements with ionization chambers (free air, 
extrapolation, well-type and cavity chambers).  

 
 

Service conditions  
 
Services are subject to a cost whose amount is calculated according to the nature and duration of the work. For on site 
services, the geographic location of the facilities on which the LNHB staff would have to work is also taken into 
consideration. For calibration undertaken at LMD facilities, any transport or administration expenses which arise for the 
sending of radioactive material are to be paid by the customer.  
 
 
Calibration of irradiation devices (beams,...) on site  
 

Characteristics of radiation fields, associated calibration quantities and minimum uncertainties 
associated with the results.  

 

Reference 
quantity Nature of service  

Minimum 
uncertainty %

(k = 2) 

Minimum 
rate * 

Maximum 
rate *  

Calibration of photon beams of 60Co for radiotherapy by 
transfer using an ionization chamber  

1.2 
1,00 10+1 

Gy.h-1
1,80 10+2 

Gy.h-1

Calibration of collimated photon beams of 137Cs or 60Co by 
transfer using an ionization chamber  

1.2 
1.00 10-5 

Gy.h-1
1.00  

Gy.h-1Air kerma rate 

Calibration of non-collimated photon beams of 137Cs or 
60Co by transfer using an ionization chamber  

2.3 
1.00 10-5 

Gy.h-1
1.00  

Gy.h-1

Calibration of collimated photon beams of 137Cs or 60Co by 
transfer using an ionization chamber  

4.5 
1.00 10-5 

Sv.h-1
1.00  

Sv.h-1Ambient dose 
equivalent rate  Calibration of non-collimated photon beams of 137Cs or 

60Co by transfer using an ionization chamber  
5.0 

1.00 10-5 
Sv.h-1

1.00  
Sv.h-1

     

Air kerma rate  
Calibration of collimated photon beams of 137Cs or 60Co by 

transfer using alanine ESR dosimeters ** 
2.8 

1.00 10+1 
Gy.h-1

1.00 10+6 
Gy.h-1

Air kerma rate and 
absorbed dose to 

water rate 

Calibration of non-collimated photon beams of 137Cs or 
60Co by transfer using alanine ESR dosimeters** 

3.4 
1.00 10+1 

Gy.h-1
1.00 10+6 

Gy.h-1

 
* Dose rate values are indicative. They can vary depending on the radioactive decay and the replacement of the sources.  
** This service involves the issuing of a report and not a calibration certificate.  
 
Calibration of ionization chambers and dosimeters  
 
Calibrations in high energy X-ray and electron beams (medical LINAC facility) are planned by campaigns. Four 
campaigns (2 for X-ray, 2 for electron) each lasting 3 weeks are organised every year. 
 
Calibrations in front of isotopic sources are carried out throughout the year in accordance with demand and availability of 
facilities.  
 
Although they are not includes in the following table, calibrations in terms of “individual dose equivalent” can also be 
carried out. Dosimetric references in progress are not included in this survey. The LNHB is currently working on the 
extension of the references for the absorbed dose to water for high energy electron beams (E < 9 MeV) and for air kerma 
for low and medium energy X-rays up to 320 kV (industrial beams).  
 



Characteristics of radiation fields used for the calibration of instruments, associated calibration 
quantities and minimum uncertainties associated with the results.  

 

Reference 
quantity Nature of service  

Minimum 
uncertainty 

% 
(k =2) 

Minimum 
rate * 

Maximum 
rate *  

Calibration of dosimeter for radiotherapy in a calibrated beam of 
60Co photons  

1.2 
1.00 10+1 

Gy.h-1
1.80 10+2  

Gy.h-1

Calibration of a reference dosimeter for radiation protection in a 
calibrated beam of 60Co or 137Cs photons 

0.9 
1.00 10-5 

Gy.h-1 1.00  Gy.h-1

Calibration of a reference dosimeter for mammography *** 2.2 

Air kerma rate 

Calibration of a reference dosimeter for radio diagnosis *** 1.5 
Pulsed beams 

     
Reference air 

kerma rate at one 
meter  

Calibration of dosimeter (well-type chamber) for curietherapy 
with iridium-192 sources  

1.3 
1.00 10-3 

Gy/h at 1 m 
5.00 10-2 

Gy/h at 1 m

     

Air kerma Calibration of a passive dosimeter in a collimated photon beam 1.0 
1.00 10-5 Gy 

** 
1.00 10+4 Gy 

** 
     

Calibration of a passive dosimeter for radiotherapy in a 
collimated beam of 60Co photons 

1.0 
1.00 Gy 

 ** 
1.00 10+4 Gy 

** 
Calibration of a passive dosimeter for industrial irradiation in a 

collimated beam of 60Co photons  
1.0 

1.00 Gy 
 ** 

1.00 10+4 Gy 
** 

Absorbed dose to 
water  

Calibration of a passive dosimeter for industrial irradiation in a 
closed irradiator of 60Co 

2.9  
1.00 10+3 Gy 

 ** 
1.00 10+6 Gy 

** 
     

Calibration of a secondary ionization chamber placed inside a 
water phantom placed in a calibrated beam of 60Co photons  

0.8 
1.00 10+1 

Gy.h-1
5.00 10+1  

Gy.h-1

Calibration of a dosimeter for radiotherapy inside a water 
phantom placed in a calibrated beam of 60Co photons  

1.3 
1.00 10+1 

Gy.h-1
1.80 10+2  

Gy.h-1

Calibration of a dosimeter for radiotherapy inside a water 
phantom placed in a calibrated beam of high energy X-ray 

photons (6 to 25 MV) produced by a linear accelerator.  
2.2 

5.00 10+1 
Gy.h-1

2.00 10+2 
Gy.h-1

Calibration of a passive dosimeter in a beam of high energy X-
ray photons (6 to 25 MV) produced by a linear accelerator.  

2.2 
5.00 10+1  

Gy.h-1
2.00 10+2  

Gy.h-1

Calibration of a dosimeter for radiotherapy inside a water 
phantom placed in a calibrated beam of high energy electrons 

(9 to 18 MV) produced by a linear accelerator.  
2.7 

5.00 10+1 
Gy.h-1

2.00 10+2 
Gy.h-1

Absorbed dose to 
water rate  

Calibration of a passive dosimeter in a beam of high energy 
electrons (9 to 18 MV) produced by a linear accelerator. 

3.0 
5.00 10+1  

Gy.h-1
2.00 10+2  

Gy.h-1

     

Absorbed dose to 
tissue rate  

 Calibration of a reference dosimeter for radiation protection in a 
calibrated beam of 147Pm, 90Sr (ISO 6980) and 85Kr Beta 

particles  *** 
3.5 

9.00 10-3 
Gy.h-1

1.60 10-1 
Gy.h-1

     

Directional dose 
equivalent rate  

 Calibration of a reference dosimeter for radiation protection in a 
calibrated beam of 147Pm, 90Sr (ISO 6980) and 85Kr Beta 

particles  *** 
3.5 

9.00 10-3 
Sv.h-1

1.60 10-1 
Sv.h-1

     
Ambient dose 
equivalent rate  

Calibration of a reference dosimeter for radiation protection in a 
calibrated beam of 60Co or 137Cs photons 

4.5 
1.00 10-5 

Sv.h-1 1.00  Sv.h-1

 
* Dose rate values are indicative. They can vary depending on the sources' radioactive decay and their replacement.  
** Integrated values for dose to water and for air kerma are given as an indication as they correspond to values usually 
encountered.  
 




