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Outline: 
 
- Nuclear Fusion reactions in stars: why measuring their 
cross section? 
 
- Why going underground: the LUNA experiment 
 
- The LUNA-MV project 



Why studying nuclear fusion 
reaction cross sections? 

  

-Stars are powered by nuclear 
reactions 
 
-Among the key parameters 
(chemical composition, opacity, 
etc.) to model stars, reactions 
cross sections play an 
important role  
 
- They determine the origin of 
elements in the cosmos, stellar 
evolution and dynamic 
 
- Many reactions ask for high 
precision data. 
 
 



    Sun 
Luminosity = 2 ·1039 MeV/s 
 
Q-value ( H burning) = 26.73 MeV 
 
Reaction rate = 1038 s-1 

                Laboratory 
Rlab= Np Nt s e 

 

Np = number of projectile ions ≈ 1014 pps (100 mA q=1+) 
 
Nt = number of target atoms ≈ 1019 at/cm2 

 
s = cross section = 10-15 barn (at astrophysical energies) 
 
e= efficiency ≈ 100% for charged particles  
                            1% for gamma rays 
 
Rlab ≈ 0.3-30 counts/year 
 
 

 
 



Rlab > Bbeam induced + Benv + Bcosmic 

Bbeam induced : reactions with impurities in the target 

                 reactions on beam collimators/apertures  

Benv : natural radioactivity mainly from U and Th chains 

Bcosmic : mainly muons 

 



Cross section measurement requirements 
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3MeV < E < 8MeV:     
 0.5 Counts/s 

3MeV < E < 8MeV   
 0.0002 Counts/s 

GOING 
UNDERGROUND 

HpGe 

Pb 

Cu 

underground passive shielding is more 
effective since μ flux,that create 
secondary γ’s in the shield, is suppressed 
 

m 

E<3MeVpassive shielding for 
environmental  background radiation 



LUNA site 

LUNA 1 
(1992-2001) 

50 kV 

LUNA 2 
(2000…) 

400 kV 

Laboratory for Underground 

 Nuclear Astrophysics 

Radiation LNGS/surface 

Muons 

Neutrons 

10-6 

10-3 

 

LNGS 
(1400 m rock shielding  4000 m w.e.) LUNA MV 

(2012->...) 



p + p   d + e+ + ne 

d + p  3He +  

3He +3He  a + 2p 
3He +4He  7Be +  

7Be+e- 7Li +  +ne  
7Be + p  8B +  

7Li + p   a + a 
8B 2a + e++ ne 

84.7 % 13.8 % 

13.78 % 0.02 % 

pp chain 

Hydrogen burning 
4p  4He + 2e+ + 2ne + 26.73 MeV 



 LUNA MV Project 
April 2007: a Letter of Intent (LoI) was presented to the 
LNGS Scientific Committee (SC) containing key reactions 
of the He burning and neutron sources for the s-process: 
12C(a,)16O 
13C(a,n)16O 
22Ne(a,n)25Mg 
(a,) reactions on 14,15N and 18O 
 
These reactions are relevant at higher temperatures 
(larger energies) than reactions belonging to the hydrogen-
burning studied so far at LUNA 

Higher energy machine 3.5 MV single ended positive ion 
accelerator 



Oxygen-16 

 Carbon 

    we are made of ! 

 Oxygen 

    which we breath ! 
Consequences 

 late stellar evolution 
 composition of C/O White dwarfs 

 Supernova type I explosion 
 Supernova type II nucleosynthesis 

relevant questions: 
Energy production and time scale 

of Helium burning: 
 

4He(2a,)12C(a,)16O(a,)20Ne 
 

Neutron sources for s process: 
 

14N(a,)18F(+n)18O(a,)22Ne(a,n) 
         22Ne(a,) 

12C(a,)16O – Holy Grail of Nuclear Astrophysics 

Stellar Helium burning in Red Giant Stars 

the He burning is ignited on the 4He and 14N ashes of 
the preceding hydrogen burning phase (pp and CNO) 
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Mass Number 

1 H 

4 He 
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16 O 

20 Ne 

40 Ca 

56 Fe 

118 Sn 138 Ba 
195 Pt 

208 Pb 

232 Th 
238 U 

a - elements 

Type II SN 

Fe - peak 

Type I SN 

N=82 

r - process peak 

Type II SN 
N=126 

r - process peak 

Type II SN 
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AGB stars 

N=82 

s - process peak 

AGB stars N=126 

s - process peak 

AGB stars 

N=126 

s - process peak 

AGB stars 
19 F 

Big Bang 

H-burning & 

He-burning 

Nuclear Astrophysics ambitious task is to 
explain the origin and relative abundance 
of the elements in the Universe  

Element abundances in the solar system 

n source reactions 



13C(a,n)16O experimental status of the art 

Big uncertainties in the R-matrix extrapolations. Presence 
of subthreshold resonances 
LUNAMV range: 350-800 keV alpha beam En=2-3 MeV 

Heil 2008 



22Ne(a,n)16O experimental status of the art 

Unmeasured resonance at E=635 keV big uncertainties in 
the reaction rate.  
LUNAMV range 600-1000 keV alpha beam En=50-450 keV 

Jaeger 2001 



Estimate on LUNA MV n-production 
rate (100% efficiency) 

Maximum rate 2000 n/s. Minimum rate very low.... 

OnC 1613 ),(a

α beam intensity: 200 µA 
Target: 13C, 2 1017at/cm2 (99% 

13C enriched) 
Beam energy(lab)  ≤ 0.8 MeV 

MgnNe 2522 ),(a

α beam intensity: 200 µA 
Target: 22Ne, 1 1018at/cm2 
Beam energy(lab) ≤ 1.0 MeV 

OC 1612 ),( aOnC 1613 ),(a from 
α beam intensity: 200 µA 

Target: 13C, 1 1018at/cm2 (13C/12C = 10-5) 
Beam energy(lab) ≤ 3.5 MeV 



Location at the "B node" of a 3.5 MV single-ended positive 
ion accelerator 

A complete refurbishment of the site is necessary 



The red area will be covered with HDPE(5%Li) panels 

The accelerator will be a single ended machine capable to 
produce intense (200mA ) alpha beams. Well defined beam 
energy (low ripple and long term drift) 
 



"Progetto Premiale LUNA -MV" 

Special Project financed from the Italian Research Ministry 
with 2.805 Millions of Euros in 2012 
 
Schedule:  
2012-2013 Hall preparation- Tender for the accelerator- 
Shielding 
2014 Beam lines R&D- Infrastructures 
2015 Accelerator installation - Beam lines construction- 
Detectors installation 
2016 Calibration of the apparatus and first tests of beam on 
target 
 
A new request for 2013 has just been submitted 
 
The new LUNA MV collaboration is “under construction” 
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