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• Nuclear	Astrophysics	overview
• LUNA	50	kV:	 Solar	Neutrinos
• LUNA	400	kV:	 The	Sun,	Hydrogen	Burning,	BBN
• Luna	MV:	 Evolution	and	fate	of	stars
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LUNA site

LUNA 50 kV
1991-2001

LUNA 400 kV
2000à...

LUNA MV
2019à...

C.Gustavino

Gran	Sasso	Laboratory

RICAP	2018

Gran Sasso National Laboratories
Background reduction with respect to Earth’s surface: µ ~ 10-6

g ~ 10-2-10-5

neutrons ~10-3  
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Surface Vs LNGS 

LNGS Vs LNGS + shielding

Passive shielding is more effective underground 
since the µ flux, that create secondary gs, is 
suppressed.  

C.Gustavino

Gran	Sasso	Laboratory

RICAP	2018

Background @ Gran Sasso
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C.Gustavino

LUNA	50:	Solar	Neutrinos

RICAP	2018

LUNA 50 kV
1991: Birth of underground Nuclear Astrophysics.
Thanks to E. Bellotti, C. Rolfs and G. Fiorentini 

3He(3He,2p)4He (solar n)
2H(p,g)3He (BBN)

E beam » 1 – 50 keV
I max » 500 µA   protons, 3He       
Energy spread » 20 eV                
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C.Gustavino

LUNA	50

RICAP	2018

3He(3He,2p)4He reaction

Bare	nuclei
Shielded	nuclei

R.	Bonetti	et	al.PRL	82,	5205	(1999)			

-First measurement below the Gamow peak
-2 events/month @ Ecm=16,5 keVàs(16,5 keV)=20±10 fb
-No evidence for a narrow resonance à SSM validation
-LUNA measurement “triggered” the second generation of solar neutrino experiment 
(Borexino, Kamland, SNO), focused on the measurement of v’s mixing parameters
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C.Gustavino RICAP	2018

Hydrogen burning cycles

11C 12C 13C 14C

13N 14N 15N 16N

15O 16O 17O 18O 19O

17F 18F 19F 20F 21F

19Ne 20Ne 21Ne 22Ne 23Ne

21Na 22Na 23Na 24Na 25Na

23Mg 24Mg 25Mg 26Mg 27Mg

(p,g)

(p,a) b+ 

25Al 26Al 27Al 28Al 29Al

CNO-I

CNO-II

CNO-III

Ne-Na	cycle

Mg-Al	cycle

Sun: ~15 MK
AGB:~30-100 MK
Massive Stars: ~ 100 MK
Novae~100-400 MK
.
.
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Hydrogen	burning
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high-intensity proton beam onto Ta2O5
targets
HPGe detector in close geometry
for prompt g-ray measurement
targets prepared by anodization
of Ta backing in 17O-enriched water 

Caciolli et al. EPJA 48 (2012) 144 

LUNA	400-Hydrogen	burning

17O(p,g)18F and 17O(p,a)14N reactions

C.Gustavino RICAP	2018 14
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LUNA	400-Hydrogen	burning

17O(p,g)18F and 17O(p,a)14N reactions

First measurement within Novae Gamow 
window

Di Leva et al., PRC 89 (1) (2014) 015803
Scott et al., PRL 109 (20) (2012) 202501

Bruno et al., PRL 117, 142502 (2016)
Lugaro et al., Nature Astronomy 1, 0027 (2017) 

LUNA rate is a factor of 2 higher than the rate 
previously adopted, compatible with the 
hypothesis of oxygen enriched pre-solar grains 
in group II produced by massive AGB stars

C.Gustavino RICAP	2018 16
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Cosmology

AstroPhysics

New Physics?

Direct observations
of light isotopes

Nuclear Astrophysics

f light isotopes

Nuclear Astrophysics

PDG “stuff”
(n, G, Neff, %...

BBN
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Beyond Iron: s-process
- Quiescent	stages	of	stellar	
evolution	(AGB	and	massive	stars)
- Responsible	for	~	50%	of	“heavy”	
elements
- Neutrons	produced	by 13C(a,n)16O
and	22Ne(a,n)25Mg processes
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Zr
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