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Gran SassoNational Laboratories

External buildings
Offices, workshops and lab spaces
Conference, seminar and lecture halls
Canteen, cafeteria
Shuttle bus to underground lab every 20 minutes

People
127 staff + 155 associated
650 Scientific guests (291 foreign)

1334 involved scientists (852 foreign)



1990 NIC I Baden bei Wien, Austria
G. Fiorentini, A. Pascolini; CERN Courier October 2004:
“During hors d'oeuvre, Gianni Fiorentini (...) asked Claus Rolfs whynuclear reactions could not be measured in the laboratory at theenergies at which they occur in stars (...). By the time of dessert,they had realized that the solution was to install an accelerator inan underground laboratory.”The director of the Laboratori Nazionali del GranSasso, EnricoBellotti, was enthusiastic about the idea and the INFN presidentNicola Cabibbo immediately endorsed it after receiving an informalletter of intent, which began:"We believe that the Gran Sasso laboratory offers a uniquepossibility for progress in the measurement of low-energy nuclearcross-sections, which are relevant for nucleosynthesis in stars and inthe early universe, as well as for the evaluation of the solar-neutrinoflux."”

Claus Rolfs Gianni Fiorentini

Courtesy J. Josè, NIC 2025
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“Status of the project Laboratory For UndergroundNuclear Astrophysics (LUNA)”
“(...) First background measurements with Silicon SurfaceBarrier Detectors were done [in the underground labs. ofLNGS] in 1991 (...)”
“A transportable 30 kV accelerator was designed (...). Thisjune (...) the accelerator was for the first time build up inthe underground laboratory (...). The next limitation willbe due to intrinsic radiation of the detector or radiationout of the target and the vacuum chamber material.”

1990 NIC I Baden bei Wien, Austria
1992 NIC II Karlsruhe, Germany
1994 NIC III Gran Sasso, Italy
1996 NIC IV Notre Dame, USA
1998 NIC V Volos, Greece
2000 NIC VI Aarhus, Denmark
2002 NIC VII Fuji-Yushida, Japan
2004 NIC VIII Vancouver, Canada
2006 NIC IX CERN, Switzerland
2008 NIC X Mackinac Island, USA
2010 NIC XI Heidelberg, Germany
2012 NIC XII Cairns, Australia
2014 NIC XIII Debrecen, Hungary
2016 NIC XIV Niigata, Japan
2018 NIC XV Gran Sasso, Italy
2021 NIC XVI Chengdu, China (online)
2023 NIC XVII Daejeon, South Korea
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“(...) The LUNA Project – Status and first results”
“ The 50 kV facility has been tested over a period of 3month at Bochum University and then moved to LNGS inlate 1993 (...). (It) is now installed underground at LNGS(...)”
“we could atain a background level of less than 1 eventper week (...)”
“The experimental sensitivity has been improved, ascompared to the previous [3He(3He,2p)4He] experiment,by more than four orders of magnitude:• a factor 3 in the beam current,• a factor 20 in the detection efficiency (..)• more than a factor 200 in the background reductionWe are now starting the experiment with the 50 KVaccelerator facility installed underground at LNGS.”
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“Advances in cross section measurements at lowenergies”
“In 1998 INFN has approved the funding for installing anew 400 kV accelerator in the underground laboratoriesof LNGS.The accelerator has been constructed by High VoltageEngineering Europe B.V. (The Netherlands) and is actuallybeing commissioned.”



Electrostatic Accelerators at LNGS

LUNA 400 (2000 – …)HVEE Singletron® AcceleratorUterminal = 50 – 400kVImax = 500μA (on target)ΔE = 0N07keVAllowed beams: H+, 4He+, (3He)Formicola at alN NIM 507 (2003) 609–616

LUNA 50 (1992-2001)Made by Ruhr Uni Bochum & INFNUterminal = 1 - 50 kVImax= 1 mAΔE = 0N020 keVAllowed beams: H+, 4He+, 3He+
Greife et al https://doiNorg/10N1016/0168-9002(94)91182-7LUNA-50

 Pilot project to explore possibilities of Underground Nuclear
 Worldwide first underground accelerator laboratory
 Based on idea by C. Rolfs, G. Fiorentini, E. Bellotti
 Pathfinder for LUNA-400
 Astrophysics p-p chain - solar neutrino problem
 Dismissed 2002

LUNA-400
 Operated by LUNA Collaboration – funded by INFN — CSN 3
 Workhorse of the LUNA-Collaboration since 2000
 Big Bang, pp-chain, AGB Stars



LUNA-400 @ NIC 2025

LUNA 400 (2000 – …)HVEE Singletron® AcceleratorUterminal = 50 – 400kVImax = 500μA (on target)ΔE = 0N07keVAllowed beams: H+, 4He+, (3He)Formicola at alN NIM 507 (2003) 609–616

TalkD. Robb“Underground Measurements of the 16O(p,γ)17F Reactionat LUNA”
Posters
#159 A. Boeltzig (HZDR)“New underground study of the 19F(p,γ)20Ne reaction”
#201 A. Casciolli (Uni & INFN Padova)“Recent results for the 12/13C(p,g)13/14N reaction cross sectionin a wide energy range at LUNA and at Felsenkeller lab."
#196 E. Masha (HZDR)

“The study of the 21Ne(p,γ)22Na reaction at LUNA and its astrophysical impact
# 139 R. Sariyal (INFN Torino)“The SOCIAL Project: Underground measurements of the 14N(p, γ)15O nuclear cross-section at LUNA.”
#190 D. Piatti (Uni & INFN Padova)“Investigation of Stable Fluorine Targets for the 19F(p,g)20Ne Measurement at LUNA”
Since foundation, LUNA Collaboration has published over 70 papers on refereed journals (https://luna.lngs.infn.it)



LUNA-400 @ LNGS1400 m rock coverage400 kV Singletron Accelerator250 μA, He+: ~200 μA2 beam linesCommissioned 2000



CASPAR @ SURF Lab1478 m rock coverage1 MV single ended Van de GraaffH+: ~250 μA, He+: ~220 μA1 beam lineBuild 1956Commissioned @ SURF 2018
caspar.nd.edu

Felsenkeller Accelerator @ HZDR45 m rock coverage5 MV tandem & single ended PelletronH+: ~30 μA, He+: ~30 μA, 12C+ ~ 35 μA1 beam lineBuild 2008Commissioned 2019
www.hzdr.de, www.chetec-infra.eu & F. Ludwig PhD Thesis

JUNA @ CJPL2400 m rock coverage400 kV air isolated single endedH+: ~20 mA, He+: ~10 mA, He2+ ~ 2 mA1 beam lineCommissioned 2020LUNA-400 @ LNGS1400 m rock coverage400 kV Singletron Accelerator250 μA, He+: ~200 μA2 beam linesCommissioned 2000

http://www.chetec-infra.eu
http://www.hzdr.de
http://www.hzdr.de
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“Underground cross section measurements of stellarreactions at astrophysically relevant energies”
“The 400 kV LUNA accelerator and the unique low-background conditions of the underground LNGSlaboratory have been and still are the perfect blend forthe study of most of the proton-capture reactionsinvolved in the stellar H burning.”
“(...) a beam of higher energy is required to extend thesestudies to reactions between heavier isotopes, (....). TheLUNA MV project has been developed to overcome such alimit with the new 3N5 single-ended accelerator to beinstalled in Gran Sasso at the beginningof 2018.”



LUNA 400 (2000 – …)HVEE Singletron® AcceleratorUterminal = 50 – 400kVImax = 500μA (on target)ΔE = 0N07keVAllowed beams: H+, 4He+, (3He)Formicola at alN NIM 507 (2003) 609–616

Bellotti IBF (2023 - NNN)HVEE Singletron® AcceleratorUterminal = 0N300 – 3N5MVImax= 1 mAAllowed beams: H+, 4He,12,13C+, 12,13C2+
Sen at al https://doiNorg/10N1016/jNnimbN2018N09N016

Junker et al https://doiNorg/10N3389/fphyN2023N1291113

 Initiated by LUNA Collaboration in 2007
 Total funding: 9 M€

 Italian Ministry of Research (Progetto Premiale
“LUNA-MV”)

 INFN Laboratori Nazionali del Gran Sasso
 INFN Commissione Nazionale Scientifica III

The LUNA-MV Project



Genesis of the 3.5 MV Singletron®Accelerator
March 2007 Letter of Intend by LUNA-Collaboration
May 2015 Public tender for accelerator
May 2016 Contract signed with

High Voltage Engineering Europe
December 2019 Factory Acceptance Tests at HVEE passed
October 2021 Start of mechanical installation at LNGS

May -November 2022 Installation and Commissioning at LNGS
December 2022 On- Site Acceptance Test passed

April 2023 All authorizations obtained (Radioprotection, Fire brigade, Pressure vessel, Environment)
June 2023 Start of experimental activities in day time operation mode

February 2024 24/24 hours operations possible
Great synergy of LUNA Collaboration (Accelerator design and productions)

LNGS (Infrastructures, Rules & regulations, Logistics, Project Management)



Ion specie Terminal Voltage
0.3 MV— 0.5 MV 0.5 MV— 3.5 MV

1H+ ≤ 500 μA ≤ 1000 μA
4He+ ≤ 300 μA ≤ 500 μA
12C+ ≤ 100 μA ≤ 150 μA
12C+2 ≤ 60 μA ≤ 100 μA

 provides for excellent beam energy definition (~ ± 0,01%) and stability (< 5eV/h) experiments can be carried out at cosmic radiation fluxes that are a million times lowerthan those in surface laboratories

Specifications of the 3.5 MV Singletron





Maximum beam intensity on target at different terminal voltages
Ion specie Terminal Voltage

0.3 MV— 0.5 MV 0.5 MV— 3.5 MV
1H+ ≤ 500 μA ≤ 1000 μA
4He+ ≤ 300 μA ≤ 500 μA
12C+ ≤ 100 μA ≤ 150 μA
12C+2 ≤ 60 μA ≤ 100 μA

Specifications of the 3.5 MV Singletron (2)
Subject to limitations at LNGS to complyto neutron flux in underground lab.

Condition for Accelerator Operation at LNGS
→No alteration of low neutron background underground
→ Limit to beam induced neutrons inside accelerator room: max. 2000 s-1

→Neutron monitors interlocked with Faraday cup in the Injector;
→ Beam intensity limited as function of accelerated ion species;
→ 80 cm concrete walls shielded accelerator room

→ Resulting calculated neutron flux Neutron flux OUTSIDE shielded accelerator room:
→ Factor 2 – 10 LOWER than natural neutron flux than neutron flux underground



α beamBeam energy 1 MeVBeam Intensity on target 615 μATest duration 4 hBeam current variation ≤ 1 %/h

Specifications of the 3.5 MV Singletron (2)
Maximum deviation of beam intensity: ≤ 5% / h

On Site Acceptance Test LNGS 2022/2023



M. Mous (HVEE) - Poster at NIC 2018

Tank Terminal Power supply

GeneratingVoltmeter

Resistor Divider

Beam energy Stabilization

953,40

953,30
953,35

953,25
953,20
953,15
953,10
953,05

5.886

5.884
5.886

5.883
5.882
5.881

0 5 10 15 20 25 30 35Time [min]

TankPressure[bar]

ResistorDivider
GVM

SF6 TankPressure

Combination of• Generating Voltmeter• Resister divider• Developed on purpose by HVEE

Ter
min

alV
olta

ge[
kV]



Beam Energy calibration and stability using 27Al resonances

Er, lab (keV) Γ (eV)
632,23 ± 0.04 6,7 ± 0.5
991,86 ± 0.03 70 ± 10
1213,08 ± 0.06 < 100
1317,14 ± 0.07 35 ± 4
1587,49 ± 0.08 < 200
1799,75 ± 0.09 450 ± 60
Endt et al. (1990), Nuclear Physics A521

20



Beam Energy calibration and stability using 27Al resonances
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A. Compagnucci (GSSI & LNGS),J. Skowronski (Padova)

Beam Energy calibration and stability using 27Al resonances

Er, lab (keV) Γ (eV)
991,86 ± 0.03 70 ± 10



• 3.5 MV Singletron Accelerator
• Service for Accelerator operations

Accelerator Operation & maintenance, User support
1 Tecnologist, 2 Technicians, 1 Trainee

• Program Advisory Committee
G. Cuttone (Chair), F. Hammache (Orsay), J. Josè (Barcellona)

• ChETEC INFRA Transnational Access Facility

The Bellotti Ion Beam Facility of LNGS

https://doi.org/10.3389/fphy.2023.1291113

https://doi.org/10.3389/fphy.2023.1291113


Science at Bellotti IBF
INVITED TALKG. Gyurky:“Underground Measurements of 14N(p,γ)15O and Other Key Reactions for Nuclear Astrophysics.”
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Science at Bellotti IBF
INVITED TALKG. Gyurky:“Underground Measurements of 14N(p,γ)15O and Other Key Reactions for Nuclear Astrophysics.”
Posters# 87 - T. Chillery (LNGS):“A Prototype Neutron Detector Array for s-process Measurements"
# 143 - D. Mercogliano (Napoli):“Efficiency calibration of the SHADES array and the Ecm= 70 keV resonance in 22Ne(α,n)25Mg”
# 88 - R. Gesuè (GSSI & LNGS):“The challenging direct measurement of the 12C+12C reaction rate”



2026

3rd call for proposalfor experiments in 2026will be open July/August 2025




