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Once upon a time...

Nuclei in the Cosmos I
1990 Baden/Vienna, Austria

Gianni Gianni . «. Claus
Fiorentini If Fiorentini Rolfs
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The astrophysical S-factor
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1991: First Background Test in LNGS

surface-barrier silicon detector
thickness = 2 mm
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LUNN LUNA - 50 kV accelerator

L
| Energy Range
for Protons:
50keV - 3 keV
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ORI LUNA - 50 kV accelerator

Energy Range
for Protons:
50keV - 3 keV

Uwe'Grerfe

Tons
b, Mo/ e detectors
Cpfrent:
0- 500 pA
Muon Detectors Tile Colqrimeter Liquid Argon Calorimeter

cat and men
are in scale
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LUNN LUNA - 50 kV accelerator
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pp chain

LUNI

p+p—,d+¢’+v.

!

d+p—3He + v

84.7 % ‘_I_L 13.8 %

He +'He — o + 2p He +'He — 7Be + v

13.78 % l_l_l 0.02 %

"Be+e — Li+ y+v, Be +p—B+y
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Li+p— a+ « B 20+ e+ v,
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SHe (*He,2p)*He

p*p—'d*e"®
}

d+p—3He + v
84.7 % 13.8 %

He +’He — o + 2p He +*He — "Be + v
‘_I_‘ 0.02 %

13.78 %

"Be+e — Li +7® Be +p—°B+y
| |
Li+p— o+ o B 20+ e’@
Q= 12.86 MeV  E,™*= 10.7 MeV

neutrinoless branch
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SHe (*He,2p)*He

p*p—'d*e"®
}

d+p—3He + v

84.7 % ‘_(_I_l 13.8 %

He +*He — o + 2p He +'He —7Be + v

13.78 % 1_|_] 0.02 %

Be+e — "Li+ *{@ Be +p—°B+y
Li+p— a+ o B 20+ e’@

suppression of 'Be and B v. due to a resonance?
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SHe (*He,2p)*He

s d +’He Region
’He +°He Region

LUNI
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HD" ions in beam — D(*He p)*He
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SHe (*He,2p)*He
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LUNI
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first Geant3 simulation..
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SHe (*He,2p)*He
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SHe (*He,2p)*He
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SHe (*He,2p)*He

FHE INSTITUTE FOR ADVANCED STUDY

LUNI

At this meeting, I had the opportunity to see for the first time the results of
the LUNA measurements of the important 3He — 3He reaction in a region that covers
a significant part of the Gamow energy peak for solar fusion. This was a thrill that I
had never believed possible. These measurements signal the most important advance in
nuclear astrophysics in three decades.

With the LUNA results, debates on the validity of nuclear physics extrapolations to low
energy that were ignited by the differences between standard predictions and observa-
tions of solar neutrinos can now be resolved experimentally.
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pp chain

LUNI

pop—¢d4-¢’+v.

84.7 % 13.8 %

He +3He —» o + 2p ‘He +*He — "Be + v

13.78 % l_l_l 0.02 %

"Be+e — Li+ y+v, Be +p B+

‘ {

Li+p— a+ o B 20+ e+ v,
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. { © Griffiths et al. (53) .
0.1 Solar Gamow peak v Schmid et al. (54) —
! » LUNA 2002 (28) :
0 ! | | . | . | . I
0 10 20 30 40 50

E.,, (keV)
Gamow peak fully covered
Important results for "ab-initio"” few body calculations

this reaction is presently remeasured in
the BBN energy region
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accelerartor
(summer 2000)

LUNM

E bearn = DO - 400 keV
I, .=500uA protons T, =250 uA alphas

Enerqgy spread = 70 eV Long term stability = 5eV/h
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14N(P,Y)15O

LUNI
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"High" energy: solid target + HpGe

14N(P,Y)15O
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14N(P,Y)15O

beam energy: 80 keV
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Astrophysical S-factor [keV barn]
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SHe (“He,y)’Be

p+p—,d+¢’+v.

!

d+p—3He + v

84.7 %

He +’He — o + 2p

13.78 %
"Be+e — 7Li+ */@ Be +p—°B+y
Li+p— a+ o B 20+ c’
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. solar neutrinos:’Be 5B
« BBN “Li

*Cross section from prompt gamma down to

90 keV (CM energy) using *He beam on 3He
target

-Activation via of f-line radioactive decay
measurements of the 'Be atoms collected
in the beam catcher

*All with a final error <5 %

G SHe (“He,y)’Be

E . .

1Q = 1586 keV
3He + "He
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SHe (“He,y)’Be

LUNIN
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SHe (“He,y)’Be

LUNIN
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3 He (4He ' v)7Be Prompt
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“He beam @ 400 keV
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LUNIN
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SHe (“He,y)’Be

® activation-PRL+PRC
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recommended value 0.56 + 0.02 (expt) + 0.02 (theory)
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O OhoN=

°’H(a,y)OLi

n > p+e+n
p+n > D+g
D+p > %He+g
D+D - 3He+n
D+D > 3H+p
SH+D = “He+n

7. *H+%H - TLi+g

8. 3*He+n > 3H+p

9. 3He+D - “He+p
10. *He+*He > "Be+¢g
1. 7Li+p = “He +“He
12. 'Be+n = 7Li+p
13. “He+D - SLi+g
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°H(a,y)°Li

LUNI

The °Li case

Constant amount in stars of different metallicity (2aae)

2-3 orders of magnitude higher than predicted with the BBN network (NACRE)
(Asplund 2006, now debated since convective motions on the stellar surface can
give an asymmetry in the absorption line mimicking the presence of °Li)
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The primordial abundance is determined by:

?H(o,y)°Li producing almost all the ©Li

SLi(p,0)3He destroying éLi 2> well known
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°H(a,y)°Li

LUNI
Removable Cap
C Floil S1 Detector
|
Lead
Gas Inlet
T . e Calorimeter
Lead Lead
HPGe
Detector
= Lead = =

same setup used for 3He (*He,y)’Be reaction

but....
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°H(a,y)°Li

LUNM

The beam-induced background

- neutron background generated by d(o.o)d Rutherford scattering
followed by d(d,n)*He reactions

o
/
@ @

-> (n,n'v) reactions on surrounding materials (Ph, Ge, Cu

-> much higher v-ray background
in the RoI for the d(a,y)éLi DC transition (~1.6 MeV)
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Shell and explosive
LUNN

hydrogen burning

15N(P,Y)160
O(p.v)"°F

17O(P, 0)14N
ZZNe(p, Y)23N0

25 MQ(P, Y)26 Al
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3 resonhances observed
for the first time

new upper limits
are two order of
maghitude lower

F. Cavanna et al., First observation of low-energy
resonances in the 2Ne(p,y)**Na reaction, PRL, 115 (2015)

giovedi 1 dicembre 16



LUNI

Vi "” iy F'I‘

from Matthias Junker

giovedi 1 dicembre 16



LUNI

from Marialuisa Aliotta
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these wonderful 25 years !
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Enjoy the next 25 I
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