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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
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Sun
Luminosity = 2 -103° MeV/s

Q-value ( H burning) = 26.73 MeV

Reaction rate = 1038 s-1

Laboratory
Rlab: Np NT (O

N, = number of projectile ions # 10! pps (100 pA q=1*)
N, = number of target atoms = 10%° at/cm?
c = cross section = 10-° barn (at astrophysical energies)

e= efficiency # 100% for charged particles
1% for gamma rays

R ® 0.3-30 counts/year



|2lab > Bbeam induced ¥ Benv + Bcosmic
Bieam induced + Feactions with impurities in the target

reactions on beam collimators/apertures

Benv

B osmic + mainly muons

100

: natural radioactivity mainly from U and Th chains

typical y-ray spectrum at surface lab
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E.<3MeV—passive shielding for
environmental background radiation \

underground passive shielding is more
effective since py flux,that create
secondary Y's in the shield, is suppressed




Laboratory for Underground

Nuclear Astrophysics
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Hydrogen burning
4p — He + 2e* + ZVe +26.73 MeV
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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:
12¢( g, y)160

13C(o,n)160

22Ne(a,h)>>Mg

(a.,y) reactions on 415N and 180

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



12C(a,y)10 - Holy Grail of Nuclear Astrophysics

Stellar Helium burning in Red Giant Stars

the He burning is ignited on the *He and *N ashes of
the preceding hydrogen burning phase (pp and CNO)
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Element abundances in the solar system

Abundance relative to 106 Si
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Nuclear Astrophysics ambitious task is to
explain the origin and relative abundance

of the elements in the Universe
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3C(a,n)!0 experimental status of the art

6x10° [ ' |

Davids 1967
Drotleff et al. 1993
Brune et al. 1993
Bair and Haas 1973
Kellogg et al. 1989

Harissopulos 2005
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Big uncertainties in the R-matrix extrapolations. Presence

of subthreshold resonances
LUNAMYV range: 350-800 keV alpha beam—> En=2-3 MeV



22Ne(a,n)*0 experimental status of the art
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Unmeasured resonance at E=635 keV-> big uncertainties in

the reaction rate.
LUNAMYV range 600-1000 keV alpha beam—> En=50-450 keV



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

13 16 13 16 12 16
C(a,n)”0 “Ne(a,n)**Mg C(a,n)**0  from “C(a,y)*0O
a beam infensity: 200 pA a beam infensity: 200 pA a beam intensity: 200 pA
Target: 13C, 2 107at/cm2 (99% Target: 22Ne, 1 10%8at/cm? Target: 13C, 1 108at/cm? (3C/12C = 10-5)
13C enriched) Beam energy(lab) < 1.0 MeV Beam energy(lab) < 3.5 MeV

Beam energy(lab) < 0.8 MeV
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Maximum rate 2000 n/s. Minimum rate very low....



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

. Schermatura |

A complete refurbishment of the site is necessary



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