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The Laboratory for Underground Nuclear Astrophysics

Gran Sasso National Laboratories
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Virtual tour of LNGS 

available on Google Maps

The Laboratory for Underground Nuclear Astrophysics
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The Laboratory for Underground Nuclear Astrophysics
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Why underground?
Environmental background in a gamma-ray detector due to

Environmental radioactivity: 235,238U, 232Th chains and 40K

Cosmic rays: mainly muons at sea level

Neutrons from (α,n) and spallation reactions

Cosmic rays + neutrons

Radioisotopes
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Why underground?
Rocks can efficiently suppress cosmic ray flux

C. Broggini+, Prog. Part. Nuc. Phys. 98 (2018) 55
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Why underground?

+ More effective passive shielding

Cosmic rays + neutrons

Radioisotopes
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Why underground?
Environmental background in charged particle detector

C. Bruno+, Eur. Phys. J. A 51 (2015) 94
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The Bellotti Ion Beam Facility

• TERMINAL VOLTAGE: 0.2 – 3.5 MV

• H+, He+, C+ e C++ beams

• I ~ 50 - 1000 A
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12C+12C experiment at the Bellotti IBF
o 12C beam on thick graphite target

o gamma-rays detected by one large-volume HPGe

o detector surrounded by 7cm Cu + 25cm Pb shielding 
to suppress background

o NaI detectors to suppress Compton continuum
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Target production 
and irradiation 
tests at LNL and 
Felsenkeller

PHASE 0

- tests on carbon targets

- assembly and alignment 
of the beam line and 
shielding
- setup HPGe, efficiency 
measurements

- test with carbon beam.

PHASE 1

- Measurements at  
2.3 < ECM < 3.5 MeV 
in steps of ~ 20 keV.

PHASE 2

- Installation and 
characterization of NaI 
- Measurements at 
2.1 < ECM < 2.3 MeV 

in steps of ~20 keV.

PHASE 3 (in progress)

Measurements at 

2.0 < ECM < 2.1 MeV 
in steps of  ~20 keV.

PHASE 4 (end of 2026)

Measurements at 

ECM < 2.0 MeV.

PHASE 5 (2400h of 
beam time approved)

12C+12C experiment at the Bellotti IBF
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GOALS:
• test degradation of different types of targets
• test the vacuum and thermal features of target and holder assembly
• assess beam induced background level

12C+12C experiment at the Bellotti IBF

Target irradiation at Felsenkeller SEM (Scanning Electron Microscope) at INFN-LNL
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12C+12C experiment at the Bellotti IBF
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• Energy range explored so far: 2.10 < ECM < 3.47 MeV

• Total beam charge on target: ~ 58 C

• Average 12C beam current: 88.6 A

SEE TALK BY R.M. GESUÈ

12C+12C experiment at the Bellotti IBF
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Future plans
• Planning of a future charged-particle experiment just started.

• Different target options will be investigated → Low hydrogen content is crucial for particle detection.

• Different detector options are being considered → Detectors should work near high-temperature target.

GASTLY detectors from the ERNA Collaboration Segmented Si detector array
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Future plans
The intrinsic background of the GASTLY modules has been investigated in the past, by having a detector 
for about 30 days at the 400kV accelerator hall.

Geant4 simulation
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Geant4 simulation

Huge thanks to Bellotti IBF 
accelerator service

and STAY TUNED!
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