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Abstract

The Grand Accélérateur National d'Tons Lourds (GA-
NIL) is a multi-beam facility, unique in intensity, particle
types and simultaneous production. The Systéme de Pro-
duction d’lons Radioactifs en Ligne de 2°™ génération
(SPIRAL2) facility covering an exceptionally broad inten-
sity range, from nanoamperes to milliamperes further en-
hances the scientific opportunities of the laboratory. The
first proton beams from the LINAC were produced in 2019
and is operational for physics experiments since 2022. The
cyclotron operation and the initial operational challenges
and lessons learned in the first years of operation of the
LINAC and Neutrons For Science (NFS) facilities are pre-
sented. The physics program at GANIL-SPIRAL2 is
briefly presented. The ongoing upgrades and developments
essential to sustain increasingly ambitious pure and applied
science programs are also presented.

INTRODUCTION

GANIL-SPIRALZ2 [1, 2] is primarily focused on cutting-
edge research in nuclear physics, nuclear astrophysics, nu-
clear data with complementary programmes in astrochem-
istry, material irradiation, nano-structuration, radiobiology
and industrial and medical applications.

The field of low-energy nuclear physics is undergoing an
important transformation based on results obtained at var-
ious facilities in Europe such as GANIL in France, GSI-
FAIR in Germany, ISOLDE at CERN, JYFL in Finland and
LNL & LNS in Italy and worldwide facilities in Canada,
China, Japan, Korea, Russia, USA. These results have fur-
ther motivated very ambitious efforts worldwide to pro-
duce and study nuclei far from stability using Radioactive
Ion Beams. In the European roadmap, FAIR and GANIL-
SPIRAL2 are classified as ESFRI landmark facilities, with
complementary radioactive beams production methods.
The FAIR facility will use high-stable energy beams (up to
1 GeV/u) of heavy-ions and will have an unrivalled poten-
tial to produce the heaviest exotic nuclei far from stability.
The GANIL cyclotron facility delivers high-intensity sta-
ble beams up to uranium, as well as exotic nuclei produced
via both in-flight fragmentation and the ISOL (Isotope Sep-
aration On-Line) technique through the SPIRALI facility.
Radioactive beams from SPIRAL1 can be used directly or
re-accelerated while preserving high optical quality. To-
gether with facilities such as SPIRAL2, ISOLDE, and
JYFL, and in the future SPES at LNL and
ISOL@MYRRHA, GANIL will enable high-precision
measurements at low energy that are complementary to
those performed with the more energetic beams of FAIR.

GANIL has been operational since 1983, as a cyclotron-
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based facility. The SPIRAL2 LINAC commissioning
started in July 2019 immediately after the authorization.
The first test experiments started from Dec 2019 using pro-
ton beams and from Dec 2021 with deuteron beams. Three
new experimental halls for exploiting stable, neutron and
radioactive ion beams are available. The GANIL facility is
a multi-beam facility, operating up to 5 simultaneous
beams: IRRSUD, SME, CSS high energy, CIME, SPI-
RAL2, which renders GANIL unique in the world. Com-
plementary atomic physic studies are also made in ARIBE.
The paper will briefly summarize the cyclotrons opera-
tion and discuss in more detail the LINAC operation. Some
new results related to time optimized LINAC tuning and
the projects currently underway at GANIL (S3, DESIR
NEWGAIN, CYREN, SAGA) will also be described.

GANIL-SPIRAL2 FACILITY

Figure 1 shows the cyclotrons and SPIRAL2 accelera-
tors along with the associated experimental halls.

GANIL construction was decided in 1975 [3]. Between
1983 and 1990, the facility relied on a cascade of three
warm cyclotrons (Kcoi2=30, Kcssi=400, Kcssr=400).
There is a rebuncher between the injectors and the first sep-
arate sectors cyclotron (CSS1) and a stripper between
CSS1 and CSS2. A wide spectrum of stable and radioactive
ion beams have been delivered since 1983.

The five cyclotrons of GANIL allow the acceleration of
ions up to 95 MeV/u for “light” ions and up to 25 MeV/u
for uranium.

Various techniques have been developed to enhance
beam intensities, expand the range of available isotopes,
and improve overall beam reliability. A major upgrade oc-
curred in 2001 with the implementation of the “Cyclotron
pour Ions de Moyenne Energie” (CIME), enabling the
post-acceleration of radioactive ions produced at the SPI-
RALL facility. In this scheme, the CSS cyclotrons serve as
drivers for the production of radioactive species, using sta-
ble beams fragmented in a thick carbon target according to
the ISOL technique.

These beams are delivered to different experimental ar-
eas hosting a large variety of detectors and spectrometers
that allow detailed studies of nuclear structure and reac-
tions, atomic and material science as well as applications.
Among them, the charged particle FAZIA-INDRA array
combines the large solid-angle coverage of the INDRA de-
tector with the high isotopic resolution of the FAZIA de-
tector. This unique combination makes FAZIA-INDRA a
powerful instrument for studying reaction dynamics, frag-
ment formation, and isospin-dependent properties of nu-
clear matter.

The GANIL ACTAR TPC detector is a next-generation
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