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University of Naples Federico Il Master Degree cum Laude in Physics
Capodimonte Astronomical Observatory of Naples Fellowship post-degree

University of Naples Federico 1l Phd fellowship position in Fundamental
and Applied Physics

University of Naples Federico Il Grant in the framework of the young
researcher project with a title for:

“Detection efficiency optimization of a recoil mass separator”

Second University of Naples

Post-doc contract position (Assegno di Ricerca) — 1 year

University of Naples Federico Il

Phd “Stellar evolution and Nuclear reaction rates an experimental and
theoretical work” (available on net http://www.na.infn.it/~imbriani)
Ruhr Universitit of Bochum (Germany)

Wissenschaftlischer Mitarbeiter — 6 months

Collurania Observatory of Teramo (INAF) and

National Laboratory of Gran Sasso

Post-doc associated researcher (Assegno di Ricerca) - 2 years
University of Naples Federico 11

Post-doc associated researcher (Assegno di Ricerca) - 2 years
Collurania Observatory of Teramo (INAF)

Post-doc associated researcher (Assegno di Ricerca) - 2 years
University of Notre Dame

Visiting faculty - winter semester

Researcher at University of Naples Federico 11

University of Notre Dame

Visiting faculty - summer semester
University of Notre Dame

Visiting faculty - 1 month



ENGAGEMENTS IN RESEARCH PROJECTS

2000-2001  Principal Investigator: Young Researcher Project, University of Naples
“Federico 11”
Ottimizzazione dell’efficienza di rivelazione di un separatore di ioni rinculo per la
misura di sezione d’urto di interesse astrofisica
1999-2000 Responsible for p+'Be elastic scattering measurement in the framework of
NABONA experiment.
2002-2005 Responsible for "*N(p,y)'°O cross section measurement with the high resolution set
up in the framework of LUNA experiment.
2003 Responsible for the grant in the framework of the agreement of collaboration
between INFN and MEC (Education and Science Ministry of Spain).
2005-2007 Responsible for the LUNA astrophysics working group to define the new proposal
of the experiment.
2005 Responsible for the grant in the framework of the agreement of collaboration
between INFN and MEC (Education and Science Ministry of Spain).
2006-2008 Responsible for Mg(p,y)*°Al cross section measurement in the framework of
LUNA experiment.
2007-2009 Responsible for ""N(p.y)'°O cross section measurement in the framework of a
collaboration between LUNA and Notre Dame university .
2009 Responsible for the grant in the framework of the agreement of collaboration
between INFN and MEC (Education and Science Ministry of Spain).
From 2007 Local Coordinator of LUNA experiment.
From 2008 Responsible for the construction of y-detector setup for ERNA.
TEACHING EXPERIENCE
2000-2001  Second University of Naples
Assistant to the Course of Physics 11 for mathematician
2005 Lecturer at Euro Summer School: Experimental Nuclear Astrophysics
Santa Tecla, 3 — 8 October 2005
From 2007  University of Naples Federico Il
Assistant to the Course of Physics 11 for physicist and Physics Lab 3™
2009 Lecturer at Euro Summer School: Experimental Nuclear Astrophysics

Santa Tecla, 21 — 26 Settembre 2009

PRESENTATIONS IN INTERNATIONAL CONFERENCES

Talks

1999 Nuclear Reactions in Stars and in the Laboratory
ECT* Trento, 8-19 February 1999

2000 Nuclei in the Cosmos
Arhus (Denmark), 27 June-1 July 2000

2002 11" Workshop on Nuclear Astrophysics

Ringberg Castle Tegernsee, Monaco (Germany) 11-16 February 2002



17th International Nuclear Physics Divisional Conference of the European
Physical Society (NPDC-17),
ATOMKI, Debrecen (Hungary), 30 Settember-4 October, 2002

2003 Workshop on forthcoming facilities at LNS: EXCYT and MAGNEX
Catania, 20-22 March 2003
20™ Meeting between Astrophysicists and Nuclear Physicists, Brussels, 15-16
December 2003

2006 International School of Nuclear Physics, 28" course: Radioactive Beams
Nuclear and Astrophysics
Erice, 16-24 Settembre 2006
ECOS Town Meeting
5-6 October 2006, Amphithéatre du CNRS, Paris

2007 The IXth Torino Workshop on Evolution and Nucleosynthesis in AGB Stars &
The 1Ind Perugia Workshop in Nuclear Astrophysics
22-26 October 2007, Perugia, Italy — invited talk

2008 A Workshop on R-Matrix and Nuclear Reactions in Stellar Hydrogen and
Helium Burning
April, 2008 La Fonda, Santa Fe, New Mexico, USA — invited talk
10™ Symposium on Nuclei in the Cosmos
Mackinac Island, Michigan, USA, July 2008

2009 Solar Fusion Cross Sections for the pp chain and CNO cycle
Institute for Nuclear Theory, University of Washington, January 2009 — invited talk
3rd Joint Meeting of the APS Division of Nuclear Physics and the Physical
Society of Japan
Waikoloa, Hawaii, October 13—17, 2009 — invited talk

Poster Presentations

2001 5th International Topical Workshop at the Gran Sasso Laboratory *'Solar
Neutrinos: Where are the Oscillations?"
Assergi, 12-14 March 2001

2002 NATO ADVANCED RESEARCH WORKSHOP ON WHITE DWARFS
Napoli, 24-28 June 2002

2003 International conference Thinking, Observing and Mining the Universe,
Sorrento, 22-27 September 2003

2004 International Nuclear Physics Conference (INPC2004)
Goteborg (Sweden), 27 Giugno—2 Luglio, 2004

2005 International Conference on Frontiers in Nuclear Structure, Astrophysics and
Reactions.

Aegean island of Kos, Greece, September 12-17, 2005

In may 2006 | have been recommended for a faculty Assistant Professor position at the Notre
Dame University, IN, USA.

Languages: Italian (mother-tongue) and English (fluent both in written and verbal).
I have been invited to give seminars at the Capodimonte Observatory of Naples, at the University
of Pisa, at University of Stuttgart, at the Collurania Astronomical Observatory of Teramo, at the



University of Granada at the University of Notre Dame and at the Lawrence Berkeley National
Laboratory.

I was co-organizer of the National Meetings of Nuclear Astrophysics (Naples, March 18th-19th
1999 and Teramo, April 20th-22nd 2005), of the international meeting “The role of low energy fusion
reactions in nuclear astrophysics: carbon burning” (Villa Orlandi, Anacapri, Naples,Italy
May 14th - 16th, 2009) and member of the local organizing committee of the first Euro Summer
School: Experimental Nuclear Astrophysics (Santa Tecla 30 September - 7 October 2001).

I am associated to the INFN (Italian Institute of Nuclear Astrophysics) since 1996.

I am member of the JINA (Join Institute for Nuclear Astrophysics) institute, University of Notre
Dame.

I am a member of the accelerator team at DUSEL underground laboratory in South Dakota.



Summary report of my research activities

Since the beginning of my research activity I have been involved both in experimental nuclear physics and
theoretical stellar evolution, measuring nuclear cross sections of astrophysical interest and studying its influence
on stellar astrophysics. I carry out my research activity in the framework of national (Seconda Universita di
Napoli, Laboratori Nazionali dell'Istituto Nazionale di Fisica Nucleare del Gran Sasso e del Sud, Osservatorio
Astronomico di Teramo e Osservatorio Astronomico di Roma, i Dipartimenti di Ingegneria Meccanica per
I’Energetica ed Ingegneria Elettronica per le Telecomunicazioni dell’Universita di Napoli ”Federico 1I”’) and
international (Ruhr-Universitdt, Bochum, Germania, University of Granada, Spain, Notre Dame University
Notre Dame, IN, USA and Lawrence Berkeley National Laboratory, Berkeley, USA) collaborations.

As far as my experimental activities are concerned I participated to the measurement of some nuclear
reaction processes of astrophysical interest in the framework of three experiments mainly funded by INFN:
NABONA (NApoli BOchum Nuclear Astrophysics), LUNA (Laboratory Underground for Nuclear
Astrophysics) and ERNA (European Recoil Separator for Nuclear Astrophysics).

For the theoretical activity I have studied the evolution of stars by means of the FRANEC stellar evolution
code, focusing on the influence of nuclear reaction rate uncertainties on the evolution of stars. During these
activities I collaborated with the stellar evolution groups of the Teramo and Rome Astronomical Observatories.

Moreover I took part to the PRIN “Nucleosintesi in stelle di massa piccola e intermedia: test cruciali dalle
prime fasi evolutive delle galassie e del sistema solare”, which was funded in 2004.

I coordinated the Italian side of the grants obtained in the framework of the international agreement
between INFN and MEC (Education and Science Ministry of Spain) in 2003, 2005 and 2009. The aim of these
grants are to establish a collaboration with the astrophysical group of the university of Granada to identify,
which nuclear processes need to be better investigate and the astrophysical impact of the new experimental
results.

It is in the nature of astrophysics that many of the processes and objects one tries to understand are
physically inaccessible. Thus, it is important that those aspects that can be studied in the laboratory be rather
well understood. One such aspects are the nuclear fusion reactions, which are at the heart of nuclear
astrophysics. The theories of nucleosynthesis have identified the most important sites of element formation and
also the diverse nuclear processes involved in their production. The detailed understanding of the origin of the
chemical elements combines astrophysics and nuclear physics, and forms what is called nuclear astrophysics.
Nuclear fusion reactions are at the heart of nuclear astrophysics: they influence sensitively the nucleosynthesis of
the elements in the earliest stages of the universe and in all the objects formed thereafter, and control the
associated energy generation, neutrino luminosity, and evolution of stars. A good knowledge of the rates of these
reactions is thus essential for understanding the broad picture outlined above.

The aim of experimental nuclear astrophysics is to measure the nuclear reaction rate at the relevant
astrophysical energies, which are very low. Indeed, in a stellar environment the energy available to nuclear
species is very much lower than the Coulomb barrier, i.e. nuclear reactions happen via tunnel effect. The main
problem of direct measurements is determined by the background signals, which, together with the low cross
sections, set a limit to the energy range that can be investigated with a simple setup on the Earth surface.
Essentially there are three sources of background, i.e. cosmic rays; environmental radioactivity and beam-target
induced nuclear reactions. Each of these sources produces background of different nature and energy, so that
each reaction to be studied deserves a special care in suppressing the relevant background component.

In the last years I contributed to develop two different approaches to solve the background problems.
Background effects of cosmic rays in the detectors lead typically to more than 10 events per hour in common
detectors. Conventional passive or active shielding around the detectors can only partially reduce the problem.
The best solution is to install an accelerator facility in a laboratory deep underground, similar to the solar
neutrino detectors, like the one that can be obtained at the INFN underground laboratory at Gran Sasso (LNGS).
The LUNA (Laboratory Underground for Nuclear Astrophysics) experiment set up in the last decade a
worldwide still unique facility for measuring low energy cross sections of astrophysical interest, installing two



accelerators, respectively 50 and 400 kV, at LNGS.

The second approach is based on quite complex apparatuses in order to optimize the detection efficiency,
selectivity and the background suppression. An example of that is provided by Recoil Mass Separators, which
allow measuring the cross section of radiative capture reactions by means of the detection of the residual
nucleus, without the need of gamma measurements, which can be eventually performed in order to gain
information on the transitions involved in the reaction. I participated to the construction of two recoil separators.
The first was built in Naples, i.e. NaBoNA (Naples Bochum Nuclear Astrophysics) experiment, to study the
"Be(p.y)*B. A new separator has been designed and, firstly, installed at the Dymanitron Tandem Laboratorium of
the Ruhr-Universitaet Bochum to study '*C(a,y)'®0O and *He(*He,y)'Be reactions, ERNA experiment. This
separator is now in Caserta at the CIRCE laboratory.

I am involved in LUNA experiment since 1998 and I have participated to the measurement of
*He(*He,2p)*He, d(*He,p)‘He, d(p,y)’He, *He(‘He,y)’Be, "“N(p,y)"°O, "“N(p,y)'*0O and *Mg(p,y)*°Al cross
sections. In particular, I have worked on the installation and calibration of the 400kV accelerator. With this
machine I have been in charged to coordinate the measurements of “*N(p,y)"°0, ""N(p,y)'*0 and *Mg(p,y)**Al
cross sections down to energy never reached in past using high resolution setup together with solid targets.

The ""N(p,y)"°O reaction is the slowest process in the CNO cycle. The key astrophysical issues related to this

process are the quantification of the solar neutrino flux due to the CNO cycle partially active in the sun and the
age of Globular Clusters. The resulting reaction rate after our experiment is lower than a factor 2 in comparison
with the previous determination. This reduction had already several astrophysical implications. In the sun the
CNO cycle contributes only 2% (instead of 4%) to the total energy production and thus the corresponding
portions of solar neutrinos (i.e. below E, = 7 MeV) is reduced by this factor. Moreover, I analyzed the impact of
the revised reaction rate on the estimate of the Globular Cluster ages, as derived from the turnoff luminosity,
finding that the age of the oldest Globular Clusters should be increased by about 0.7-1 Gyr with respect to the
current estimates. This result was received from the international scientific community with much interest. In
fact, the study of the Globular Cluster age represents an independent way to establish a lower limit to the age of
the Universe.
Observations of various satellites have discovered a y-ray line at 1809 keV, which arises from the B-decay of
Al to **Mg. The intensity of the line corresponds to about 3 solar masses in our galaxy. The nuclides *°Al are
produced mainly via the *Mg(p,y)**Al capture reaction, which operates in the core-H burning of massive stars
and in shell-H burning of intermediate and low mass stars (during the Asymptotic Giant Branch phase, in
particular), and possibly during the explosive H burning in novae. The *’Mg(p,y)*°Al also operates in the carbon
and neon burning shells of massive stars, both statically and explosively. This reaction belongs to the so-called
Mg-Al cycle. The reaction is dominated by narrow resonances which have been found down to E; = 190 keV.
From the known level structure of *°Al one expects low-lying resonances at E, = 93, 109, and 130 keV, among
which the 93 keV resonance appeared most important. Indeed, the 93 and 130 keV resonances were found at
LUNA using the 4 BGO crystal and a Mg solid target. The data allow now for improved astrophysical
calculations of the origin of the 1809 keV line as well as of the chemical evolution of galaxies.

In 2007, T have been invited as a visiting faculty from the Notre Dame University, Indiana, USA, to initiate a
work to measure the "N(p,y)'°O. The proton capture at "N is relevant since the compound nucleus '°O can
decay into the o particle channel as well as into the y channel to the ground state of '®O. This introduces a
reaction branch linking the first CNO or CN cycle with the second CNO, or NO cycle. The strength of the
branching has always been a matter of debate since both reactions are characterized by strong low energy
resonances. High precision experiments performed at higher energies in a wide energy range are extremely
important, since they become complementary to low energy data when direct measurements are not possible.
Following this idea a collaboration started between NSL at the Notre Dame University and the LUNA
collaboration to study with the same experimental setup the *N(p,y)'®0 in a wide energy range starting from
energies up to 2 MeV using the KN accelerator at ND and going down to 100 keV using the 400 kV LUNA
accelerator. With these new data a complete fit has been performed improving the knowledge of this process.



The use of a recoil mass separator is an effective way to measure the cross section in cases where beam
induced background or some problem of normalization among different experiments are dominant already at
energies accessible in laboratories above ground. With such an experimental approach it is possible to measure
the total cross section of the process counting the number of recoil particles arising from the reaction. The
difficulties are to collect all the recoils, which have angular and momentum dispersion due to the kinematics of
the reaction and to separate the recoil from the incident beam, which is many orders of magnitude more intense.

In the first case we wanted to test the advantages of this experimental technique by studying the case of the
"Be(p,y)*B reaction rate, which is, together with *He(*He,y)’Be, the most uncertain ingredient in the
interpretation of solar neutrino experiment. Since 'Be is radioactive the direct detection of the vy arising from the
reaction is hampered. The usual way to study this process is to detect the a particles emitted in the decay of *B,
but the results from different experiments show a scatter larger than the experimental errors. We have shown the
possibility to measure the "Be(p,y)"B reaction rate with the recoil mass separator. Our estimate is lower than
previous results, but is affected by a large statistical error due to the low number of B recoils collected.
Improvements on the radioactive beam production and transmission through the machine have been reached
using the new apparatus available in Caserta and soon we plan to improve the results of the previous experiment.
I have done a study of the solar model to determine the actual level of uncertainty of the solar neutrino fluxes
due to the nuclear physics input. Moreover, I quoted which level of precision is reachable in the estimates of the
neutrino parameters folding these data with the results of the solar neutrino detection experiments.

The follow-up of the NABONA experiment is ERNA, which was designed to measure the '*C(0,y)'°O cross
section. Despite of the enormous effort devoted to the measurement of this cross section, its rate is still far from
being well established at astrophysical energies. Recoil mass separator technique represent an excellent
alternative to measure directly this cross section avoiding the problem due to the complicated energy level
scheme of the '°O around the relevant astrophysical energy. In the first data acquisition we collected data in the
energy window of 2 to 5 MeV, improving the knowledge of the nuclear process.

From the astrophysical point of view, the 2C(0,y)'°O process influences the evolution of a star essentially in
two respects: first, it affects the He burning because it directly operates in this evolutionary phase, and, second, it
determines all further evolution of a star because it controls the chemical composition of the matter left by the
He burning. Theoretical efforts devoted to constrain the rate of this process on the basis of some "observables",
as the solar abundances of carbon and oxygen, are useless since, unfortunately, this process works in a
convective environment which may alter, also significantly, the final abundances of '>C and '°0. I have shown in
my works which is the actual degeneracy between the effects of the '>C(a,y)'°O reaction rate uncertainty and the
convection scheme adopted. These papers published on ApJ are much cited from the scientific community.

The last experiment that we have performed with ERNA, before to move it in Caserta, has been the
*He(*He,y)'Be. The total cross section was measured in the energy range E = 700 - 3200 keV.

In the comparison with previous works, there is a significant discrepancy of both the absolute scale and the
energy dependence of the S-factor from previous results in the energy range E > 1000 keV. Direct capture model
does not provide a good description of the observed energy dependence of the S-factor above 1 MeV, where it is
supposed to be still accurate.



SCIENTIFIC PUBLICATIONS

58 papers on international refereed journals and 1 review on Report on Progress in Physics

Sum of the times cited: 1062

Average citation per papers on international refereed journals: 25.29
h-index: 20

(data from: ISI Web of knowledge)
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