
  



  

Where do we come from?
What are we made off?

Where do we go to?
…

Science contributes to explore these questions

Here: The contribution of “Nuclear Astrophysics”



  



  

Big Bang Nucleosythesis

The air we breath is O
2
,N

2, 
CO

2
, …

The water we drink is H
2
O ….

The smart phone we use is Si, Ti, Ta, Ag, etc



  

Sir Arthur Eddington (1882-1944) 
equations of the stellar structure  “→ “And what is possible in the 
Cavendish Laboratory may not be too difficult in the sun.” (1920)



  

Sir Arthur Eddington (1882-1944) 
equations of the stellar structure  “→ “And what is possible in the 
Cavendish Laboratory may not be too difficult in the sun.” (1920)

George Gamow (1904-1968)
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Hans Bethe (1906-2005), Carl von Weizsacker (1912-2007)
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Sir Arthur Eddington (1882-1944) 
equations of the stellar structure  “→ “And what is possible in the 
Cavendish Laboratory may not be too difficult in the sun.” (1920)

Fred Hoyle (1946-1954)
Theory of nuclear synthesis beyond Carbon (the “Hoyle state in 12C”)

William Alfred Fowler (1911–1995)
Nobel Prize 1983 "for his theoretical and experimental studies of the 
nuclear reactions of importance in the formation of the chemical 
elements in the universe"

Subramanyan Chandrasekhar (1910 - 1995)
Nobel Prize 1983 "for his theoretical studies of the physical 
processes of importance to the structure and evolution of the stars"

George Gamow (1904-1968)
main source of energy of stars has to be hydrogen fusion

Hans Bethe (1906-2005), Carl von Weizsacker (1912-2007)
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The cosmic abundance of the chemical elements

Wikipedia





  

CNO Cycle

Hydrogen burning in main sequence stars

Solar Neutrino
Spectrum

               T  20 MK
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Nuclear Fusion Reactions

http://www.mpoweruk.com/nuclear_theory.htm

http://www.mpoweruk.com/nuclear_theory.htm

Coulomb Barrier values:

     p +     p   0,5  MeV→
 3He +   3He   1,7  MeV→
 14N  +     p   2,5  MeV→
23Na +    p   3,4  MeV→
  4He + 12C   4,6  MeV→
12C    + 12C   9,4  MeV→

Energy of maximum of distrib.

                          T/GK          E/MeV
Sun             0,016 0,0014
AGB             0,300 0,026
Supernova    5 0,430

 



  

Justin Grayer, Missouri
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Stellar Fusion Reactions
Gamow Energy   Astrophys  Cross section   Lowest measured
      [keV] Environment   [barn]    Energ

3He(3He,2p) 4He      21 Sun 7 10-13                     16,5
3He(a,g)7Be      22 Sun 9 10-18 107
14N(p,g)15O      26  Sun 4 10-21 200

http://scixchange.missouri.edu/author/jsgzrc/
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http://scixchange.missouri.edu/author/jsgzrc/
http://scixchange.missouri.edu/author/jsgzrc/
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Experimental Techniques
● Direct measurements

● Stable ion beams   Quiescent burning phase (e.g. Sun, AGB, ...) →
● Radioactive beam  Explosive burning phases→

● Indirect measurements
● Transfer reactions 
● Trojan horse measurements
● Coulomb breakup 
● ... 

F. Hammache, VI European Summer School on Experimental 
Nuclear Astrophysics, ENAS 6September 18-27, 2011Acireale 
Italy

18F(p,α)15O
Gulino,. doi:10.1088/1742-6596/420/1/012149
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Experimental Techniques

● Instrumentation
● Accelerators

● Small scale (university) facilities
● Complex radioactive ion beam facilities

● Target systems
● Solid state targets produced and analysed in specialized laboratories
● Gas targets (windowless extended, ultrasonic jets, …)

● Detectors
● Alpha, beta, gamma detectors, 
● Recoils separators
● ... 



  23

Experimental Techniques

● Instrumentation
● Accelerators

● Small scale (university) facilities
● Complex radioactive ion beam facilities

● Target systems
● Solid state targets produced and analysed in specialized laboratories
● Gas targets (windowless extended, ultrasonic jets, …)

● Detectors
● Alpha, beta, gamma detectors, 
● Recoils separators
● ... 



  26

Experimental Techniques

● Example: The reaction 7Be(p,γ)8B

● Astrophysical relevance: one key reaction for solar neutrinos

 → Gamow Peak: 80 keV

● Complication: 7Be is  toxic and radioactive (T
1/2

= 53,2 d)

●  Measurement
● “Direct kinematics”  proton beam on → 7Be Target
● “Inverse kinekamtics”  → 7Be beam on Hydrogen target
● “Indirect Methods” (e.g. Coulomb break up, trojan horse,  ...)
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Experimental Techniques

Nacre II Compilation
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Experimental Techniques

● Example: The reaction 7Be(p,γ)8B

● Astrophysical relevance: one key reaction for solar neutrinos

 → Gamow Peak: 80 keV

● Complication: 7Be is  toxic and radioactive (T
1/2

= 53,2 d)

●  Measurement
● “Direct kinematics”  proton beam on → 7Be Target
● “Inverse kinekamtics”  → 7Be beam on Hydrogen target
● “Indirect Methods” (e.g. Coulomb break up, trojan horse,  …)

● Data extrapolation (e.g. r-matrix fits)



  29

Nuclear Astrophysics…. The full story at GSSI

● Lectures in Nuclear Astrophysics

Theoretical N.A.
● L. Marcucci (Pisa)

● Integrating seminars

Experimental aspects of N.A. 

M. Wiescher (U. Notre Name, In, USA)



  

Nuclear Astrophysics at LNGS …
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LUNA 1
(1992-2001)
50 kV

LUNA 2
(2000 – …)

LUNA MV
Machine tendered
Technical infrastructure in design phase
U

terminal 
= 350 – 3500kV

I
max

 >  500A (on target)

E = 0.2keV 
Available  beams: H+, 4He,12C

LUNA (Lab. for Underground Nuclear Astrophysics) 
at  LNGS (Laboratori Nazionali del Gran Sasso)

U
terminal 

= 50 – 400kV

I
max

 = 500A (on target)

E = 0.07keV 
Allowed beams: H+, 4He, (3He)
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LUNA (Lab. for Underground Nuclear Astrophysics) 
at  LNGS (Laboratori Nazionali del Gran Sasso)



UNC, Dec, 14 2012 Matthias Junker, INFN-Lab. Nazionali del G
ran Sasso

33

Partecipating Institutions:
    Laboratori Nazionali del Gran Sasso, INFN, Assergi, Italy

Gran Sasso Science Institute, L'Aquila, Italy

    INFN, Padova, Italy

INFN, Roma La Sapienza, Italy

  Università di Genova and INFN, Genova, Italy

 Università di Milano and INFN, Milano, Italy

Università di Napoli ''Federico II'', and INFN, Napoli, Italy

Università di Torino and INFN, Torino, Italy

Università di Bari and INFN, Bari, Italy

Osservatorio Astronomico di Collurania, Teramo, and LNGS, Italy

The University of Edinburgh, UK

Institute of Nuclear Research (ATOMKI), Debrecen, Hungary

    Forschungszentrum Dresden-Rossendorf, Germany



  

LUNA @ LNGS
Matthias Junker, Alba Formicola, Giovanni Ciani, 
Axel Boeltzig, Alessandro Razeto, Oscar 
Straniero, Matthias Laubenstein, Laura Leonzi 
Stefano Gazzana, Iza Kochanek


