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Cross section measurements for quiescent stellar H-tmar@ mainly hampered by extremely
low counting rate and cosmic background. An effective metisdo perform cross section mea-
surements in an underground laboratory where cosmic rayidlvgduced by several orders of
magnitude. LUNA experiments at the Gran Sasso National tabry in Italy represents the

only experiments which are running in an underground enwirent. | will give a presentation of

these experiments, mentioning the main results obtainedftlr along with the status of the two
experiments which are currently running at LUNA (Laborgtfmr Underground Nuclear Astro-

physics): the measurements of the cross section of théaaa€tMg(p, y)?6Al and 15N (p, y)160.
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1. Introduction

The detailed description of most astrophysical and cosmological scemagoires a very ac-
curate knowledge of the many relevant nuclear processes. Infornatarn nuclear mechanisms
can be obtained in nuclear laboratories on sea level, although extremelydssvsection measure-
ments challenge the experimentalists. The aim of experimental nuclear gsiosois to measure
the nuclear reaction rates at the relevant astrophysical energie$, areicvery low. Indeed, in a
stellar environment the energy available to nuclear species is very muchtluavethe Coulomb
barrier [1]. Typical cross sections are of the order of %012 barn or even lower, corresponding
to experimental counting rate ranging from few events per day to fewtgyan month, consid-
ering typical laboratory conditions. This means that the expected couriagsr prohibitively
low and, even in those cases in which the event rate is compatible with human lifggmén
reactions between very light nuclei), the competition with cosmic backgrauoigdy hinders the
acquisition of statistically significant results. There are three sourceaakijbound, i.e. cosmic
rays, enviromental radioactivity and beam-target induced nucleaiagracEach of these sources
produces background of different nature and energy, so thatreaction to be studied deserves
special care in suppressing the relevant background componentsuplpeession of the cosmic
background can be accomplished by using large amounts of passildirghiéike that which can
be found at the INFN underground laboratory at Gran Sasso (LN&&)up in the last decade,
the LUNA (Laboratory for Underground Nuclear Astrophysics) cablation continues to offer a
globally unique facility for measuring low energy cross sections of asygipél interest, installing
two accelerators, respectively 90 [2] and 400 KV [3], at LNGS.

2. LUNA experiment

During the first phase of the LUNA experiment using a home made 50 kMexater, LUNA
has measured the cross section of the nuclear procéds€He,2pfHe [B] and d(py)*He [],
reaching for the first time the relevant astrophysical energy of the &adarow peak. The pres-
ence of a low energy resonance’ieHe,2pfHe was considered, before the SNO and Kamland
results, as a possible nuclear explanation for the Solar Neutrino Probleer.UNA experiment,
measuring the cross section down to about 15 KeV[4] covered all theGalaow peak and ex-
cluded the existence of any resonance in the Gamow energy region. Thigamyresult showed
that the solution of the Solar Neutrino Problem was not in the uncertainty ddténredard Solar
Model. The reaction d(p)®He has been studied at LUNA also over the full energy range of the so-
lar Gamow peakK[]5], i.e. as low as 2.5 keV. It represented the first ¢aseapture reaction studied
underground, where the full advantage of an environment freesshiweray induced background
was appreciated. The results of high precision have a minor influencee@oldr neutrinos, but
are of critical importance for cosmology: during the era of big-bang msgtethesis the reaction
was in competition with the universal expansion, which reduces the pretusitg. The reaction is
thus important for the calculation of the primordial deuteron abunddhce [6]

With the scientific success of LUNA | the financial support improved sigaifily. Thus a
commercial 400 kV accelerator could be installed at LNGS (called LUNAARich opened the
possibility of improving our knowledge for other key reactions. The fiestction studied was
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the 1*N(p, y)*°0, the slowest reaction in the H-burning CNO cycle, which determines thefate
this cycle. The reaction proceeds to the ground state as well as to sexeitad states of°O
with different energy dependences. Thus, in one set of experimentdet&ctors in close and
far geometry to a solid target were used to disentangle these dependirecgsay detection
efficiency was of course low (about 1f). In the second experiment, at/8GO crystal was
used surrounding a windowless gas target with a nearly 70% detectioiemtfy. In the second
experiment it was possible to extend the previous low-energy limit frors 260 keV to 70 keV
@, @ [9.[I0]. This energy is at the upper edge of the solar Gamow f&ak B0 keV) but it
is within the full Gamow peak e.g. for AGB (Asymptotic Giant Branch) starse Thmbined
data sets of LUNA Il - together with the previous data obtained at highegse- showed that
the influence of a subthreshold resonance was overestimated in the esrggrolations for the
capture into the ground state, while capture into excited states was propegdpaated. Thus,
the true rate is reduced by about a factor 2 for temperatures belok®30. The quoted rate
reduction has several astrophysical implications on solar neufrihod@e]ef globular clusters|[8]
and production of metal in Asymptopic Giant Bran¢h|[13].

The 3He(a, y)’Be reaction was the second reaction measured by means of the LUNA Il ac-
celerator. It represents the largest uncertainty in the prediction of theoflhigh-energy solar
neutrinos. In previous experiments, its absolute cross section wagdiémm the observed flux
of capturey-rays as well as from the observed radioactivity of the residual nlBkii.e. its elec-
tron capture to'Li with T1/> = 53 days. Both results differ however by about 20% with a higher
value from the/Be radioactivity, whose origin is not understood. Luna measured tiss sextion
of this reaction for the first time by studying both the prompphays of approximately 1.6 and 1.2
MeV emitted directly by the capture reaction and the 500 @&Welayedy from the ’Be decay.

Low energy data with extremely reduced systematic uncertainty were ob(@irk%,[16]) and
the discrepancy between results obtained with the two experimental methodsseted.

Presentely, we are finishing the data acquisition and analysis of two expésitig(p, y)2°Al
and*>N(p, y)'®0. TheB* decay 0f°Algs? (T, = 7- 10° year) to the excited state Mg gives
rise to a 1.8 MeWe-ray, one of the most important lines fgrastronomy. Indeed, the presence of
26Al in the interstellar medium has been determined on the basis of direct alises/of they-ray
line at 1.809 MeV from the COMPTELLJ1LT, ]18] and INTEGRAL [19] 20}edéites and from the
observation of®Mg isotopic enrichment (extin@PAl) in carbonaceous meteoritgsJ21]. While the
observations from COMPTEL and INTEGRAL provide evidence #at nucleosynthesis is still
active on a large scale, the Mg isotopic variations show&tdtmust have been produced not later
than 4.6 billion years ago (time of the condensation of solar-system materia)agrophysical
scenario for®Al nucleosynthesis must be concordant with both observations.?%euclides
are produced mainly via tMg(p, y)?6Al capture reaction, a member of the H-burning MgAl
cycle, which operates in massive stars such as AGB's. The relevanétame is 5x19K corre-
sponding to a Gamow energy of 100 keV. The presence of many statesZtAthisotope makes
the study complicated; in the past the states down to 6496 keV, which conet$p a center of
mass energy of 190 keV in tHéMg + p channel (Q=6306 keV), have been directly and indirectly

1About 80% of the releasetfAl is in the ground state, the remaining 20% goes into the 228 keV isomeric state
(Ty2 = 69).
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studied [2R[ 23] 24. 25. P6.]12[7.]48] 29} 80, 31]. The most usegsets a proton beam impinging

into a?°Mg target with a HPGe placed at 58egree, which gave the possibility to recognize all
the cascade peaks. For the five lower energy states only upper limits éawenlirectly deduced
by the study of the®>Mg(3He,d)?%Al. The peculiarities of the 400kV LUNA facility [§] are
particularly well suited for the study, where reactipnay lines up to~ 6.5 MeV have to be mea-
sured with very low intensities. High beam intensities and high detection res@wieefficiencies
have to be coupled to high target stability and purity, which allow low beam-gdibackground,;
cosmic background is strongly suppressed by the mountain shielding amottimsic activity de-
tectors are employefl [32]. The aim of the experiment is to directly measubeahehings and the
strenght of the resonances at 317 keV and 190 keV with an HPGe dapsxted at 55 and the
strength of the resonances at 190, 130 and 93 keV using a summing bastd on a ABGO.

In stars that are slightly more massive than the sun, energy productioe is@uly to the
CNO cycle, which involves hydrogen fusing with various elements of carbitrogen, and oxy-
gen. The ratio between the reaction rate of tPé(p, )10 and the!>N(p, a)*?C reactions di-
rectly determines the nucleosynthesis of the oxygen isotopes. An exansizsurement of the
15N (p,y)*80 reaction was performed by Rolfs et a[-][33]. In this study, it is showadl ttre re-
action is dominated by the twd'3= 1~ resonances atd= 338 keV and 1028 keV, and also that
the reaction is dominated by the cascade to the ground state. At energiespooding to the
interference region between the two resonances aroyr8d keV and for energiesp= 300
keV the uncertainty of the data is rather large causing a large error in trepebated reaction
rate. New precision experimental data at these energies are thergi@®ely important. Dur-
ing 2007 LUNA has started a collaboration with the Nuclear Structure Latrgraf the Notre
Dame University with the goal to investigate this reaction in a wide energy rafigthe Notre
Dame University the reaction has been measured in the energy ragrg8@&1900 keV, while at
LUNA in the energy range of =400-120 keV with the same experimental setup. In this way
the combination of the two measurements will cover a very large energy ragtim particular
the two most important interference regions, allowing a much better extrapotatastrophysical
energies. Furthermore the direct measurement at low energies, thaewriormed at LUNA,
will be an important test for the R-matrix extrapolation method. Th&Nitargets were fabricated
in Karlsruhe using the reactive sputtering method. Using the very'fNiip, ay)*?C resonance
at 430 keV, the targets were measured to be 8 keV and 20 keV thick. Taeawalysis is still in
progress.
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