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Once upon a time...

Nuclei in the Cosmos I 
1990  Baden/Vienna, Austria

Gianni 
Fiorentini

Claus 
Rolfs
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Puccio Bellotti
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The astrophysical S-factor

?
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from Claus

..as  many
other

things...
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1991: First Background Test in LNGS
 surface-barrier silicon detector

thickness = 2 mm
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LUNA - 50 kV accelerator

detectors
Uwe Greife
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LUNA - 50 kV accelerator

detectors
Uwe Greife

cat and men
are in scale
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LUNA - 50 kV accelerator
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pp chain
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3He (3He,2p)4He

Q = 12.86 MeV Ep
max= 10.7 MeV

neutrinoless branch
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3He (3He,2p)4He

suppression of 7Be and 8B νe due to a resonance?
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from Claus

..as  many
other

things...
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3He (3He,2p)4He
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3He (3He,2p)4He

HD+ ions in beam  → D(3He,p)4He
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3He (3He,2p)4He

first Geant3 simulation..
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σmin=20 fb (2 events/month)

No resonance at the Gamow peak

3He (3He,2p)4He
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3He (3He,2p)4He
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3He (3He,2p)4He
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pp chain
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2H (p,γ)3He
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2H (p,γ)3He

this reaction is presently remeasured in 
the BBN energy region

Important results for “ab-initio” few body calculations
Gamow peak fully covered
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E beam ≈ 50 – 400 keV

I max ≈ 500 µA   protons              I max ≈ 250 µA   alphas

Energy spread ≈ 70 eV                Long term stability ≈ 5eV/h

LUNA 400kV accelerator 
(summer 2000)
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14N(p,γ)15O

Bottle neck of
CNO cycle
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14N(p,γ)15O
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“High” energy: solid target + HpGe

gamma spectrum of 14N(p,γ)15O at Ep=140 keV

14N(p,γ)15O
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10-7 mbar 10-6 mbar 10-4 mbar

0.5-2 mbar

Windowless gas-target
Max 10 mbar

Low energy: gas target + BGO
14N(p,γ)15O

giovedì 1 dicembre 16



beam energy: 80 keV

Reaction Rate = 10.95 ± 0.83 counts/day
Background rate = 21.14 ± 0.75 counts/day

14N(p,γ)15O
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*  ½νcno from the Sun 
*   Globular Cluster age +1Gy     

St(0)=1.57±0.13 keV b

14N(p,γ)15O

giovedì 1 dicembre 16



3He (4He,γ)7Be
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●solar neutrinos:7Be,8B
●BBN 7Li

•Cross section from  prompt gamma down to 
90 keV (CM energy) using 4He beam on 3He 
target
•Activation via off-line radioactive decay 
measurements of the 7Be atoms collected 
in the beam catcher
•All with a final error < 5 %

3He (4He,γ)7Be

Q=1.6 MeV
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3He (4He,γ)7Be
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3He (4He,γ)7Be

Q=1.6 MeV
signal covered by 
natural radioactivity
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Activation 
measurement

4He beam @ 350 keV
<I> ~ 230 µA
recirc. 3He @ 0.7 mbar

3He (4He,γ)7Be

T½ =52.2±1.5 d
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4He beam @ 400 keV
<I> ~ 300 µA
Irradiation time: 4.4d

3He (4He,γ)7Be

4He beam @ 220 keV
<I> ~ 240 µA
Irradiation time: 24.4d

 Prompt
 γ-spectra
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3He (4He,γ)7Be
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σ down to 93 keV

S34(0) = 0.567 ± 0.018 keV b 

recommended value 0.56 ± 0.02 (expt) ± 0.02 (theory)                                                                       
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3He (4He,γ)7Be
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2H(α,γ)6Li
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2H(α,γ)6Li
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2H(α,γ)6Li
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2H(α,γ)6Li

same setup used for 3He (4He,γ)7Be reaction

but....
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2H(α,γ)6Li
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2H(α,γ)6Li

first direct measurement at BBN energies

(σ = 60 pbarn @ Ecm = 133 keV)
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Shell and explosive 
hydrogen burning

15N(p,γ)16O
17O(p,γ)18F

17O(p,α)14N
22Ne(p,γ)23Na

25Mg(p,γ)26Al
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22Ne(p,γ)23Na   (HPGe results)

F. Cavanna et al., First observation of low-energy 
resonances in the 22Ne(p,γ)23Na reaction, PRL, 115 (2015)

new upper limits 
are two order of 
magnitude lower

3 resonances observed
for the first time

giovedì 1 dicembre 16



from Matthias Junker
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from Marialuisa Aliotta
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from Marialuisa Aliotta
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from Hanns Peter..
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Thanks to all for 
these wonderful 25 years !!

Enjoy the next 25 !!
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