
The Bellotti Ion Beam Facility is a world-leading underground accelerator facility designed 
and built for nuclear astrophysics research. This field of research aims to study processes 

crucial to understanding the Big Bang, the evolution of stars and the nucleosynthesis of 
elements beyond helium. The Gran Sasso National Laboratory (LNGS) has been pioneer in 
the use of accelerators in underground laboratories since 1992. Over the years, experiments 
carried out at LNGS have made important contributions to the understanding of the Big Bang 
nuclear synthesis, solar and stellar fusion processes and the synthesis of elements heavier 
than helium.  

All the nuclei involved in the reaction studied are positive and at energies of astrophysical 
interest, they are subjected to the repulsive electromagnetic force. This implies that the 
reaction probabilities drop exponentially and reaction rates can be low as few counts/day. For 
this reason, the measurements are only possible at accelerators located in deep underground 
laboratories like LNGS. Here, the virtual absence of cosmic rays (a million times less than at 
the Earth’s surface) allows for an exceptional signal-to-background ratio when performing 
accelerator-based experiments. The resulting high detection sensitivity is key to high precision 
experiments. 

The advent of the Bellotti Ion Beam Facility paves the way for new frontiers in nuclear 
astrophysics and in the applied sciences.
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The Bellotti IBF consists of a 3.5 MV accelerator shielded by 80 cm thick concrete walls and a two-storey 
building housing a control room and a user room. The configuration ensures that the natural neutron flux inside 
the underground laboratory is not influenced by the accelerator operation. This feature avoids any potential 
interferences with other close by rare events experiments. The Bellotti IBF has been funded by an “Award Project” 
of the Italian Ministry of Education, University and Research (MIUR) on the proposal of the LUNA Collaboration and 
by INFN.
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INTERNATIONAL CONTEXT
AND NETWORKS

Other deep underground accelerators are 
operating in the United States and China. These 
laboratories are focused on nuclear astrophysics 
research. The deep underground Bellotti Ion 
Beam Facility is unique in that it provides the 
scientific community with intense proton, alpha 
and carbon ion beams with exceptional beam 
energy definition and stability in a low radiation 
environment. Moreover, it is the only worldwide 
deep underground accelerator user facility with 
annual calls for beam time open to international 
community. Users are supported by a dedicated 
Service for Accelerators.

The Bellotti IBF is part of international networks 
on a global scale, such as NUPECC (Nuclear 
Physics European Collaboration Committee) and 
ChETEC-INFRA (Chemical Elements as Tracers of 
the Evolution of the Cosmos - Infrastructures for 
Nuclear Astrophysics). 

ChETEC-INFRA also provides trans-
national access to Bellotti Ion Beam 
Facility and to other 13 research infra-
structures networked in the project. 
www.chetec-infra.eu

The Bellotti IBF is a fitting tribute to the 
legacy of Enrico Bellotti, who was mainly active 
in the field of neutrino physics.  Bellotti was 
the first director of the Gran Sasso Laboratory. 
In 1992, together with G. Fiorentini and C. 
Rolfs, he promoted pioneering activities with 
accelerators in underground laboratories. He 
pushed for the installation of a small accelerator, 
LUNA 50, in the LNGS underground laboratory, 
set up to study nuclear reactions related to the 
“solar neutrino problem”. 

The results went hand in hand with the LNGS-
based solar neutrino experiments GALLEX/GNO 
and BOREXINO and formed the basis for the 
installation of the LUNA-400 accelerator and the 
Bellotti IBF.



The accelerator has two beamlines for scientific 
projects selected following public calls for experimental 
proposals. 

A variety of possible experimental setups are 
possible, including a solid-state or a gas target system, 
in combination with low background, high purity 
germanium detectors, particle detectors or neutron 
detectors optimized for high detection efficiency and 
particle identification. 

The setups can be complemented with passive or 
active shieldings. 

Periodic inspection of the accelertor

SCIENTIFIC OPPORTUNITIES 
The unique properties of the ion beams available 

at the Bellotti Ion Beam Facility allow high-precision 
measurements of fusion reactions, complementing the 
high-precision measurements of solar neutrinos carried out 
at LNGS by BOREXINO. The experiments are also crucial for 
understanding the synthesis of elements heavier than iron 
and the ultimate fate of stars. 

At the same time, the Bellotti Ion Beam Facility provides 
opportunities for sample characterization in the context 
of applied sciences. Using techniques that take full 
advantage of the extremely low gamma background and 
the unprecedented ion beam energy stability available at 
the Bellotti Ion Beam Facility, analysis of light elements and 
isotopes or study of impurities in materials at the (sub)ppm 
level can be carried out.
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THE 3.5 MV UNDERGROUND ACCELERATOR 
The heart of the Bellotti IBF is a highly specialized 3.5 MV 

SingletronTM accelerator, custom-built to meet the demanding 
technical requirements of LNGS. 

The machine produces intense proton, helium and carbon 
beams with energies up to 7 MeV and beam intensities up to 1 
mA, together with unparalleled beam energy definition and 
stability. These characteristics provide the basis for cutting-
edge experiments that fully exploit the capabilities of the deep 
underground site. 
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