LUNA at Gran Sasso: Carlo Broggini
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Nuclear reactions at the energy of the stars
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Beam: H,He
Voltage Range :50-400 kV
Output Current: ~1 mA
Absolute Energy error
+300 eV
Beam energy spread:
<100 eV
Long term stability (1 h) :
5 eV
Terminal Voltage ripple:
5 Vpp Ge detector
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No resonance at the Gamow peak
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Low energy: gas target + BGO
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“"High" energy: solid target + HpGe
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with Helioseismology results

V o=f(Z,514), ~30% decrease from high to low metallicity
From a measurement of V., from the Sun

Metallicity of the Sun core (C+N)
Photosphere and core metallicity equal?



LUNA beyond the Sun: isotope production in the hydrogen burning shell of
AGB stars (~30-100 T,), Nova nucleosynthesis (~100-500 T,) and BBN

15N(p,7)1°0 Q=12.13 MeV

25Mg(p,7)?°Al Q=6.3 MeV

2H(a,y)eLi Q=1.47 MeV

170(p,7)!8F Q=5.6 MeV
170(p, 0)!*N Q=1.2 MeV

°2Ne(p,y)*°Na Q=8.8 MeV

180(p,1)!°F Q=8.0 Mev
180(p, @)!°N Q=4.0 MeV
23Na(p,y)**Mg Q=11.7 MeV




LUNA beyond the Hydrogen burning: 3.5 MV accelerator
mainly devoted to Helium-Burning (in stars: ~100-400 T,)

12€(a,y)'%0O the most important reaction of nuclear astrophysics: production
of the elements heavier than A=16, star evolution from He burning to the
explosive phase and ratio C/O

13C(a,n)%0, %°Ne(a,n)*>Mg the
stellar sources of the neutrons
responsible for the S-process

(a,y) on 1N, 13N, 180...... | | cop =
June 2012: accelerator+site - [ =
preparation financed by the N .

Italian Ministry of University ==
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i 3He (3He,2p)*He: O down to 16 keV
no resonance within the solar Gamow Peak
i 3He(a,y)’Be:  7Be ® prompt y

Cross section measured with 4% error

2 14N(P,Y)15O‘ O down to 70 keV

V., reduced by ~ 2 with 8% error = Sun core metallicity
Globular cluster age increased by 0.7-1 Gy
More carbon at the surface of AGB stars

_II

& BN(p,y)0: G down to 70 keV, reduced by ~ 2

22Mg(p,y)?°Al: first measurement of the 92 keV
resonance, strength wy=(2.9:0.6)x 10-10 eV

"t Future: Hydrogen and Helium burning (3.5 MV accelerator)
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BHZ(G«,Y)7BZ Q:16 MeV

Q = 1586 keV

#Solar Neutrinos: 'Be 6B e » *He
D~ 55,

L

#“BBN 7Li




0.6

Nara Singh et al. 2004 (activation)

LUNA 2006 (activation)

LUNA 2007 (prompt-gamma)

Brown et al. 2007 (activation)

Brown et al. 2007 (prompt-gamma)

Di Leva et al. 2009 (recoil+activation)
Descouvemont 2004, rescaled to fit LUNA
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