












The SPIRAL2 facility 
offers GANIL new 

research prospects 
thanks to very intense 

ion and neutron beams, 
allowing notably to 

study the properties 
of hitherto unknown 

atomic nuclei.

The linear accelerator 
The SPIRAL2 LINAC (LINear 
ACcelerator) can accelerate lighter 
nuclei (protons, deuterons, helium) 
than the GANIL cyclotrons, thereby 
extending the research done until now. It 
also accelerates heavy ions up to nickel, 
at intensities 10 times higher than those 
currently available. This gain in intensity 
opens up new prospects, like the 
discovery of new atomic nuclei. 

Experimental rooms
• Neutrons For Science (NFS):

The protons and deuterons (nuclei 
made up of one proton and one neutron) 
accelerated by the SPIRAL2 LINAC 
can be used to generate extremely 
intense and quite unique neutron 
fluxes. These beams of neutrons are 
used in the NFS room for experiments 
in nuclear physics and applied research 
(energy, electronics, etc.).

•  Super-Separator- 
Spectrometer (S3):

In nuclear physics, S3 allows among 
other things the study of super-heavy 
elements, so called because they are 
much heavier than uranium, the heaviest 
naturally-occuring element found on 
Earth. S3 could produce and study the 
properties of hitherto unknown chemical 
elements, which would extend the 
periodic table of Mendeleiev. EQUIPEX 
quality-certified facility (Equipment of 
Excellence). 

Technological advances
The SPIRAL2 project involves 
the development of ever more 
sophisticated technologies.
For LINAC, new superconducting 
accelerator cavities have been 
developed to deliver an unprecedented 
level of performance.
The development of new detectors 
for the SPIRAL2 project is driving 
technological innovations, with potential 
spin-offs in industry and health.

SPIRAL2 facility at GANIL 
New research prospects.
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Development  
prospects

A new ion source for the SPIRAL2 
LINAC is under study. 
It will further increase the 
intensity of the ion beams 
generated by SPIRAL2 and 
boost its international 
competitiveness.

The ultimate aim of SPIRAL2, phase 2, is to produce some of 
the most intense beams of exotic ions in the world thanks 
to a dedicated production building. 
These beams will be transported to the DESIR low-energy hall 
or post-accelerated by GANIL’s cyclotron for medium-energy 
ions (CIME) before being sent to one of the existing 
experiment halls. Researchers will thus benefit from  
all the existing infrastructure, with its detection, 
acquisition and data processing systems.
In parallel, a new generation of more efficient detectors 
is under construction as part of several European 
collaboration programs.
The combination of these new production and research 
facilities will enable a wide-ranging community of researchers to 
probe the properties of atomic nuclei very different from the stable 
nuclei that make up our environment.

The SPIRAL2 project was made possible thanks to the participation of the European Union, the French State, CNRS, CEA, the 
Normandy Regional Council, the Calvados department, the Caen La Mer urban district and Caen City Council. 
In total, 23 countries have collaborated on the project: Germany, Belgium, Bulgaria, Spain, Finland, Greece, Hungary, Italy, Poland, 
Czech Republic, Romania, United Kingdom, Russia, Sweden, Switzerland, China, South Korea, India, Israel, Japan, Turkey, Canada and the 
United States. Twenty or so bilateral agreements have been signed in this respect since 2002.

Producing 
some of 
the most
intense 
beams 
of exotic 
ions in the
world

A/Q=7

DESIR

PHASE 2

EQUIPEX  
quality-certified 
facility (Equipment  
of Excellence) 

The DESIR experimental hall
(Disintegration, Excitation and Storage of 
Radioactive Ions) will be constructed in the 
coming years and will use the ion beams 
produced by GANIL and SPIRAL2 
facilities. The research carried 
out in this hall will improve our 
knowledge of the properties 
of the atomic nucleus. 
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GANIL ION BEAM MAINLY USED FOR RADIATION TESTS

GANIL Ion Beams

SPIRAL2 Ion Beams

SPIRAL2 Neutron Beams

Industrial Applications  
with GANIL-SPIRAL2 facility
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SPIRAL 2 - PHASE 1

GANIL

Ion Energy
(MeV/u)

LET MIN
(MeV.cm2/

mg)

Range
(µm)

LET MAX
(MeV.cm2/

mg)

Range
(µm)

36Ar 27 5,4 445 9,9 113

86Kr 60 11,0 1223 42,1 27

129Xe 50 26,5 685 64,3 35

208Pb 29 72,7 258 97,6 64

Ion beams: protons up to 58Ni, 78Kr available in the SPIRAL2 
facility and in the NFS area for industrial applications and 
radiation tests 

• Protons up to 33 MeV      
• Deuterons up to 20 MeV/u 
• Ions (q/A=3) up to 14,5 MeV/u 
• Intensity limited to 50 µA for proton and deuteron beams 
•  Intensity for heavier ions: depend on the ion mass and ion source 

capability with a minimum of a few tens of µA.

Comparison of the neutron flux of NFS with 3 other facilities: 
n-TOF, WNR and GELINA. The fluxes of NFS are presented at 
5 m and 20 m. 

The length of the TOF area allows either high-intensity 
flux (5 m) or high-resolution (20 m) measurements. The 
average neutron fluxes in the TOF area (5 m and 20 m) are very 
competitive in comparison with other facilities like n-TOF at 
CERN, WNR at Los Alamos and GELINA in Geel, in the 1-35 MeV 
energy range. 

The neutron flux in the converter room, 5 cm downstream the 
converter, is higher then 5.1011 n/cm2/s when using the beryllium 
converter. This very high flux can be used to measure very small 
reaction cross-sections by activation techniques, or irradiate 
very small samples for instance.



GANIL Facility
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IRRADIATION BEAM LINE SAMPLE IRRADIATION DEVICE

CONVERTER AND TOF AREA

NEUTRON FOR SCIENCE AREA

SPIRAL2 Facility
Beam scheduling for industrial applications

For a standard operation year, around 30  
to 40 Units of Time (1 UT=8 hours) dedicated  
to industrial applications 

These last four years, global beam time offer 
much lower, due to the construction of the 
SPIRAL2 facility (doesn’t allow to operate  
GANIL accelerators at full time, and the  
beam time dedicated to industrial applications 
is somewhat shorter)

GANIL facility: Studies in progress in order  
to give the possibility in the future to produce 
microporous membranes with the CIME 
cyclotron, in order to allocate more beam time 
for space industry applications, from which 
demand is higher that beam availability.

SPIRAL2 beam scheduling under study, as 
well as the new organization to be defined 
in the GANIL laboratory to run as much as 
possible both facilities GANIL and SPIRAL2 
simultaneously 

First experiments in NFS cave in 2019


