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What 1s Matter made of?



Solar system isotopic abundance

- processes of nucleosynthesis
- history of nucleosynthesis
- chemical evolution of the universe
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Nuclear reactions at astrophysical energies

nuclear reactions important to provide energy and the neutrons for nucleosynthesis

e.g. pp chain, BC+ o —> 10 +n or 2Ne+a — *Mg+n
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Main Source of Background

courtesy A. Formicola







Benefit of an Underground Laboratory

counts /h/keV

In y-ray spectroscopy
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Benefit of an Underground Laboratory
In y-ray spectroscopy
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Underground Accelerator: LUNA — The Beginning
1992: Installation of LUNA 50 kV accelerator @ LNGS

participating teams & institutions:

Ruhr-Universitat Bochum
2 full time PhD students: Uwe Greife, Matthias Junker
few part time PhD students + senior researcher

Laboratorio Nazionale del Gran Sasso
part time senior researcher: Cristina Arpesella
later PhD student: Alessandra D’Alessandro

INFN Genova

part time senior researcher: Piero Corvisero, Paolo Prati

— 50 kV accelerator & gas target
entirely built by students

®
LUNAII - 400 kV




LUNA | — Achievements Underground

Two reactions (solar pp chain) already studied at Gamow energies:
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LUNA [l — 400 kV Accelerator (2000 — 2018(?))




LUNA [l — 400 kV Accelerator (2000 — 2018(?))
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LUNA [l — 400 kV Accelerator (2000 — 2018(?))

passive shielding
very effective underground
mainly at low y-ray energies

higher y-ray energies shielding

through rock overburden

courtesy A. Formicola




LUNA Il — Key Studies

pp chain
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3He(a,y)’Be — best example for combination of high and low energy data

now: very good R-Matrix fit over large energy region, but differences to models

R-Matrix
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LUNA II — 14N(p,y)150 CNO bottleneck reaction

10

tr—>679

10 —

01 |

0.01

S(E) [keVh]

Ratio

tr—>617

i
10? 3 i } T = T E i
W00z or Toe os 1o 1z 14 o
E [MeV] §
1.30 — . . ———— c—é
125 F E =
120 F } J } 3 CT)
115EF E )
110 } } } ﬂ, } # E 3
1.05 £ } + E 3
g % + % % <
1.00 | + T — : |
0.95 - J _ =
090 £ 3 .5
0.85 £ E L%
ij E comparison with total data (gas target) 3 3
1o E @)
E L R B B n
0 7% 05 0.10 0.15 0.20 0.25

E ‘Mei|




Compact Accelerator System for Performing Astrophysical Research

Frank Strieder (PI) Dan Robertson (TC) Uwe Greife
Doug Wells Manoel Couder

Tyler Borgwardt Michael Wiescher

Mark Hanhardt Rory Hamilton

Thomas Kadlecek Zach Meisel

Joe VanDiriel Bryant Vande Kolk

John Harrison
Lucas Lindholm







Sanford Underground Research Facility




SURF 4850 L Ross Campus
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How were Elements from Iron to Uranium made?
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Seeds for the s-process

22Ne(a,n)?*Mg and 3C(a,n)®0
Neutron sources for the s-process
Large Uncertainties in
astrophysical energy region
Measurements limited by
cosmic-ray induced background




Neutron Background Reduction

3He proportional counter in
a polyethylene moderator matrix




Future Underground Nuclear Astrophysics
Status of the LUNA-MV project at LNGS

Accelerator:

Intense H*, “He*, 12C* e 2C** beams in the energy range: 350 keV-3.5 MeV. One beam
line with all necessary elements (magnets, pumps, valves,...).

Total budget about 3.9 Meuro: from LUNA MV Premium projects (total 5.3 Meuro)

Tendering procedure: full documentation submitted to INFN central administration at
end of february 2015.

Accelerator installed and tested at LNGS by 07/2018. Then first experiments




LUNA-MV Physics - 12C(a.,y)1°0 more than 40 years
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Nobel Prize for Physics (1983)

for ,his theoretical and experimental studies of the
nuclear reactions of importance in the formation of
the chemical elements in the universe®.

(shared with S. Chandrasekhar) _
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Direct Methods — y-ray Experiments
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Direct Methods — y-ray Experiments
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12C(o1,y) 160 — Aims LUNA-MV/ERNA

(total)

LUNA-MV: low-energy E1/E2 measurement

lowest feasible energy
improved extrapolation
to astrophysical energy

higher energy S, measurement & cascades
constraint on total S factor extrapolation and E2 (through 6.92 MeV state ANC)

Influence of two subthreshold states




12C(at,y)1°0 — Experimental Issues

GEANT4 simulation of y-ray array
example: GASP 47t BGO array

= 10— BGO_0

Yield [counts/ke'

W

12C target preparation at SIDONI (France) * 11 -
contact established S
preliminary studies in progress

target characterization at LNL
test studies in progress

higher separation power

high homogeneity




CJPL underground laboratory
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JUNA-I plan

JUNA-I

He** 2-5 140-800

courtesy Weiping Liu




CJPL-Il progress

courtesy Weiping Liu



- Underground accelerator project
DIANA for 1liow energy studies  {
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High luminosity, low background experiments
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