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FOREWORD

Research in physics at the University of Trieste officially started on July 2nd, 1945, with the birth of the “Istituto di Fisica”, later reorganized as “Dipartimento di Fisica”, that had an initial specialization in nuclear and subnuclear physics. The evolution of the scientific institutions in Trieste led to the creation of two other Departments for Theoretical Physics and Astronomy.

The scope and breadth of research at the Department of Physics have been growing during the following years. The mission of the Department includes now the experimental investigation of fundamental physics in Particles and Nuclei, Astroparticles and Space Science, and Condensed Matter. Increasing attention is devoted also to  Applied Physics and Technology derived from these fields, as well as to multi-disciplinary research. The Department is the administrative centre for the “Corso di Laurea in Fisica” and the PhD School of Physics, organized jointly with the Departments of Theoretical Physics and of Astronomy. The PhD School of Nanotechnology, administratively supported by the Department, is co-organized with the Departments of Chemistry, Biology and Materials Engineering.

In 2006, the Department membership included 25 faculty, 10 senior researchers, 16 postdoc fellows, and 33 PhD students; the local experimental physics community is larger if one includes the collaborating research laboratories, that have close links with the Department. Research is carried out with the close collaboration and support of “Istituto Nazionale di Fisica Nucleare” (INFN), embedded in the Department as “Sezione di Trieste”, with part of its laboratories located in the Area Science Park; “Istituto Nazionale di Fisica della Materia” (INFN/CNR) with its “Laboratorio Nazionale TASC”, and with “Sincrotrone Trieste scpa, Laboratorio di Luce di Sincrotrone ELETTRA”. Recently, a Condensed Matter Section of the Department was created to acknowledge the activity of University researchers in these two Laboratories, also located in the campus of Area Science Park. 

The scientific productivity of this community, as measured by number of publications, participation in conferences and workshops, and activity in international and national collaborations and institutions, is outstanding. Pleased as we may be with the results obtained up to now, we know that the present and future are challenging: let us mention three areas of concern about further developments. 

The possibility of opening new research options, but also of simply keeping up the good work in well-established areas, critically depends on financial restrictions that make it difficult for the University to recruit new staff and faculty among the new generations of very talented young people. The geographical dispersion of the three Departments of Physics, Theoretical Physics and Astronomy, and of the local collaborating laboratories, poses practical difficulties in scientific contacts and common programs, limiting the very large potential of a diverse community with closely related goals. Tightening the links between the Departments and realizing a common “Physics Campus” remain today long-cherished projects, not easy to realize, but critical for our future. Finally, society needs may well require the enhancement of applied and multi-disciplinary research, along with the traditional basic science.

A very concise Annual Report is prepared every year for the records of the University. The decision to revive the preparation of a longer, more detailed yearly description of the activities of the Department is motivated both by the interest of an extended outreach and by the awareness of the value of a public periodic assessment of numbers and facts. I would like to thank all those who contributed to the preparation of the present Report, in particular Dr. Alessandro Baraldi and Dr. Giacomo Margagliotti, and I look forward to an improved version next year.

Trieste, August 24, 2007

Livio Lanceri

Department Head

INTRODUCTION

The first Part af the Annual Report 2006 is devoted to the description of research activities, organized in four Sections: Particles and Nuclei, Astroparticles and Space Science, Condensed Matter, and Applied Physics and Technology. 

Physics and experimental techniques are described with emphasis on the local contributions and on the results obtained during calendar year 2006. Research groups are listed distinguishing Department Faculty and Staff from PhD Students and Postdoc Fellows, and from other local collaborators, belonging to different research institutions like INFN or INFM; the Principal Investigators are identified as PIs. The list of publications at the end of each Section is limited to articles published on refereed journals in 2006. This choice is motivated by the availability of such a list, maintained by the Librarian of the Department, and by the difficulty of sorting other types of contributions according to their relevance. Of course there is a bias in number of publications towards the very productive high-energy physics experiments, performed by large international collaborations; for these papers, only the authors belonging to the Department are explicitely listed.  A more balanced summary of results, including other types of scientific documents, will be considered for the next edition of the Report.

The second Part of the Report starts wit a short section devoted to education, outreach, and to historical studies. Seminars and other events organized by the Department are then listed, together with Degrees and PhD in Physics awarded in 2006. General information on the Department is finally given.

We would like to apologize in advance for any imperfections of this Report, for which we take responsibility, and to thank all contributors.

Alessandro Baraldi

Giacomo-Vito Margagliotti

Livio Lanceri

RESEARCH ACTIVITIES

1 NUCLEAR AND PARTICLE PHYSICS
The Standard Model (SM), describing matter in terms of quarks, leptons and their fundamental interactions, is very successful and well established. Several reasons stimulate its further testing and the search for physics beyond the SM; probing the microscopic properties of matter at high energies opens also a window on the macroscopic evolution of our Universe. Nuclei and particles are systematically studied with detectors that measure and visualize the products of interactions produced in the laboratory, with accelerators of increasing energy and luminosity.

Members of the Department of Physics perform experiments in international collaborations, at CERN (Geneva, Switzerland), SLAC (Stanford, USA), FermiLab (USA), e and at the National Laboratories of INFN (Istituto Nazionale di Fisica Nucleare). The design, preparation and execution of  experiments are carried out with the close collaboration and support of researchers and technical services of Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Trieste.
1.1 Experimental Particle Physics with Accelerators

1.1.1 High-Energy Electron-Positron Annihilation: DELPHI at CERN

Faculty and staff: G.Della Ricca, L.Vitale

Local Collaborators: F.Cossutti (INFN)

Research grants: INFN

Web site: http://delphiwww.cern.ch/
High-Energy annihilations of electrons and positrons at the LEP collider are studied for precision tests of the Standard Model (SM) of particle physics and New Physics searches. The experiment completed the data taking in 2000. During 2006 the final analysis of the data for the measurement of the W boson mass, one of the fundamental parameters of the SM, was completed and prepared for the internal review, before publication.

1.1.2 CP Violation in B Meson Decays: BaBar at SLAC

Faculty and staff: L.Bosisio, G.Della Ricca, L.Lanceri (PI), L.Vitale

PhD students and postdoc fellows: M.Bomben, C.Cartaro

Local Collaborators: F.Cossutti (INFN)

Research grants: INFN

Web site: http://www-public.slac.stanford.edu/babar/
The violation of the CP symmetry for combined charge conjugation (C) and parity (P) transformations is studied in the decays of B mesons, together with other B decay properties. The understanding of these fundamental symmetry properties of nature is linked to the explanation of the origin of matter-antimatter asymmetry in the Universe. In the BaBar experiment, B-anti-B meson pairs are produced just above threshold in the annihilation of electrons and positron at the asymmetric-energy high-luminosity collider PEP-II at the Stanford Linear Accelerator Center (SLAC). More than 400 million B-anti-B pairs have been produced and recorded by the BaBar detector since the beginning of the experiment; CP violation in the B-meson system has been discovered, and data taking will continue throughout 2008, to test the pattern of predictions of the Standard Model (SM). The Trieste group, part of a large international collaboration, contributed in particular to the design and construction of the Silicon Vertex Tracker (SVT), one of the key elements of the detector. During 2006, the Trieste group contributed to the data taking and processing, and specifically to the analysis of two physics topics. The measurement of the |Vcb| CKM quark-mixing matrix element with exclusively reconstructed semi-leptonic decays was finalized and is ready for publication.  A preliminary measurement was also performed on time-dependent CP asymmetry in decays of neutral B and anti-B mesons to D0h0, where h0 is a neutral light meson. With more data, this final state may become an interesting probe for physics beyond the SM.

1.1.3 Nucleon Spin Structure: COMPASS at CERN

Faculty and staff: F.Bradamante (PI), A.Bressan, M.Giorgi, A.Martin, P.Schiavon

PhD students and postdoc fellows: V.Duic, S. Levorato, F. Sozzi

Local Collaborators: R.Birsa (INFN), A. Cicuttin (ICTP), M.L. Crespo (ICTP), S.Dalla Torre (INFN), B. Gobbo (INFN), V. Diaz Kavka (INFN), A. Mielech (INFN), A. Shapiro (ICTP), F.Tessarotto (INFN), S.Tessaro

Research grants: INFN

Web site: http://wwwcompass.cern.ch/
The COMPASS (Common Muon and Proton Apparatus for Structure and Spectroscopy) experiment was proposed as a fixed-target experiment at CERN in 1996, to investigate the spin structure of the nucleon and the existence of exotic hadrons (hybrids and glueballs), both manifestations of non-perturbative QCD. The experiment was approved in 1997, and the construction of the state-of-the art detectors lasted 5 years. Using a polarized deuteron target, a total of about 30 billion events were put on tape in 2002, 2003, 2004, and 2006. Many important results have already been obtained and published, in order: (1) contrary to several theoretical speculations, the contribution of the gluons to the spin of the nucleon is rather small, less than 20% of h/2π; (2) the fraction of the nucleon spin carried by the quarks has been measured to be 30%, with a few per cent error; (3) a transversely polarized quark fragments into hadrons manifesting a left-right asymmetry; conversely we have shown that from the properties of fragmentation one can infer a possible transverse polarization of the fragmenting quark; (4) the distribution function (DF) of a quark in a transversely polarized nucleon manifests a left-right asymmetry, which has been measured; theoretical work is ongoing to correlated this asymmetry, which originates from the correlation of the quark intrinsic momentum and the nucleon spin, to the quark orbital momentum. The COMPASS Collaboration consists of  about 250 physicists from 33 institutes. The Trieste group is one of the leading groups in the Collaboration. Major contributions have been given by the group to the formulation and the execution of the transversity physics program, as well as to the design of the off-line system. The first spokesperson of the Collaboration was from Trieste, and three members of the Trieste group have served in the years as “analysis coordinators”. On the hardware side, the Trieste group has contributed to the spectrometer with the RICH detector, the most sophisticated and expensive detector on the floor. In 2007 the experiment again takes data with the muon beam, and for the first time a polarized proton target is used. In the years 2008-2010 one more year of data taking with the polarized target is foreseen, as well as two years of measurements with a liquid hydrogen target and a hadron beam. 

1.1.4 PRIN2006: Study of Transverse Spin Effects in the Nucleon 

Faculty and staff: F.Bradamante (PI), A.Bressan, M.Giorgi, A.Martin, P.Schiavon

PhD students and postdoc fellows: V.Duic, F. Sozzi

Local Collaborators: R.Birsa (INFN)

Research grants: MIUR, INFN, Department of Physics, University

In 2006 the group proposed, in collaboration with the Universities of Ferrara, Insubria, Piemonte Orientale and Torino a “Programma di ricerca scientifica di rilevante interesse nazionale” (PRIN). The research theme is “Study of transverse spin effects in the nucleon”, with F. Bradamante as national project leader. The program, approved and supported by the Ministry of University and Research (MIUR), is based on the collaboration between experimental and theoretical physicists. It was motivated by the recent discoveries in semi-inclusive Deep Inelastic Scattering (SIDIS) experiments of two new properties of matter, namely that the quarks inside a transversely polarized nucleon are transversely polarized and fragment into hadrons manifesting a left-right asymmetry (the so-called Collins effect), and that the distribution function (DF) of a quark in a transverserly polarized nucleon also manifests a left-right asymmetry (the so-called Sivers effect).  The reality of the “Collins effect” has recently been reported also by the BELLE Collaboration, who has detected an azimuthal correlation between the pions of two back-to-back jets produced in e+e- annihilations, and could extract the Collins Fragmentation Function (FF) with even higher accuracy than the SIDIS experiments. The importance of the Collins effect relies on the fact that it can be exploited as “quark polarimeter”, thus allowing the measurement of the transversity DF, the third quark DF which is necessary for a complete description of the quarks in a nucleon at the twist-two level.

One of the ambitious goals of this research program is to perform a global analysis of both the SIDIS data of HERMES and COMPASS and the annihilation data from BELLE to extract the transversity DF, and, in general, to study in a systematic way all the Transverse Momentum Distribution (TMD) DF’s and Fragmentation Functions.

1.1.5 Physics with Antiprotons at FAIR: Future Programs

Faculty and staff: F.Bradamante (PI), A.Bressan, A.Martin

Research grants: INFN

The Facility for Antiproton and Ion Research (FAIR) at the GSI of Darmstadt is a new facility, expected to enter in operation in 2014, that will allow the use of high intensity antiproton beams at medium energy. The Trieste group is following the developments in this new and very promising field where the research themes are closely related to the ones presently investigated (in particular transversity and TMD PDFs: see COMPASS experiment and PRIN06) and to those of nucleon-nucleon dynamics. With unpolarised protons and antiprotons such studies can be performed at PANDA, a fixed target experiment at the HESR antiproton storage ring of FAIR, whose scientific program, mainly focused on spectroscopy, includes also the measurements of asymmetries in Drell-Yan cross-section and of the time-like electromagnetic form factor of the proton. With polarised protons and polarised antiprotons, it would be possible to perform a direct measurement of transversity. Getting polarised antiproton beams is the most challenging part of this program. Test experiments are ongoing at the COSY ring of the Julich laboratory by the PAX-SMILE Collaboration, to investigate the transfer of polarisation from a polarised H atom to an unpolarised proton, and assess the relative contributions from the proton and from the electron. Further test experiments are planned by the same Collaboration at the AD (Antiproton Decelerator) at CERN. The feasibility of the physics program outlined above at GSI depends crucially on the results of these tests.

1.1.6 Particle Physics at the Tevatron: CDF at FERMILAB

PhD students and postdoc fellows: B.Di Ruzza, M. Casarsa

Local Collaborators: A.Penzo (INFN), A.M.Zanetti (PI, INFN)
Research grants: INFN

Web site: http://www.ts.infn.it/experiments/cdf
The Collider Detector at Fermilab (CDF) is an experiment at the Fermi National Accelerator Laboratory (Chicago, U.S.A.) that studies high energy particle collisions at the Tevatron, the world’s highest energy particle accelerator. It detects the collisions of protons and anti-protons at 1.96 TeV in the center of mass. The CDF collaboration comprises 700 physicists from 61 institutions and 13 countries. CDF explores the physics at the high energy frontier; this includes studies of the top quark, search of the Higgs, electroweak physics and searches for new physics beyond the Standard Model including quark compositeness, supersimmetry, new massive gauge bosons, etc. The large B cross section at the Tevatron, combined with the precision vertex detector and an innovative trigger device, has resulted in a rich program of B physics. The Trieste group has given a major contribution in the design and contruction of the Silicon Vertex Tracker, a complex electronic system that computes online in 10 msec the track parameters with an offline precision, and it has contributed in the construction and installation of the muon detectors. In 2006, a CDF result of great scientific relevance is the first measurement of the Bs matter-antimatter transition rate of about 3*1012 times per second, measured to a precision of one percent. During 2006, the Trieste group has worked mainly in data analysis and, more specifically, in the following two topics: 1) novel techniques for identifying the flavor of the B mesons at production as part of the collaboration effort to measure the Bs matter-antimatter transition rate; 2) Studies of the B0 meson charmless decay channels in two hadrons. 
1.1.7 Particle Physics at the Large Hadron Collider: CMS at CERN

Faculty and staff: G.Della Ricca (PI)

PhD students and postdoc fellows: Carlos Kavka
Local Collaborators: S.Belforte (INFN), F.Cossutti (INFN), B.Gobbo (INFN), A.Penzo (INFN), A.M.Zanetti (INFN)
Research grants: INFN

Web site: http://cms.cern.ch
The Compact Muon Solenoid (CMS) apparatus was constructed and is presently being assembled at CERN to collect data at the highest available energies in proton-proton interactions at the new Large Hadron Collider (LHC), where first collisions are expected in 2008. The experiment is designed to search for the elusive Higgs boson, that is responsible for the masses of fundamental particles in the Standard Model, and for new physics at the TeV scale, including expected supersymmetric extensions of the SM. Approximately 2600 people from 180 scientific institutes from 37 countries form the CMS Collaboration, one of the largest international scientific collaborations in history. The Trieste group joined the Collaboration in 2005, and is involved in the commissioning of the electromagnetic calorimeter and in several aspects of the computing and simulation efforts. It is currently providing the coordinators of the Computing Integration Group, of the Simulation Group, and of the Data Quality Monitoring of the Electromagnetic Calorimeter (ECAL). During 2006, the Trieste group was involved in the calibration of the ECAL modules on electron beams and cosmic rays, taking responsibility for the realization of the data quality monitoring and of the simulation of the experimental setup, and participating to the data-taking, data-processing and data-archiving. The computing activities in 2006 involved the integration of the CMS software with the Grid project EGEE, and the commissioning of the CMS Computing Model. The Trieste group coordinated the preparation, validation, daily monitoring and test of more than 30 computing centres (Tier1 and Tier2), in view of the 2007 computing challenge and data-taking, and demonstrated the interoperability of the EU and USA Grids. The group also contributed to development of the tools for the submission of CMS jobs for simulation, production and analysis to the Grid.

1.2 Experimental Particle Physics without Accelerators

1.2.1 Non-Linear Quantum Effects in Electrodynamics: PVLAS

Faculty and staff: G.Cantatore (PI), F.DellaValle, E.Milotti

PhD students and postdoc fellows: M.Karuza, V.Lotta, G.Raiteri
Research grants: INFN, PRIN

Web site: http://www.ts.infn.it/physics/experiments/pvlas/
The properties of the vacuum element can be studied in a low-energy photon-photon collider: some of these properties are predicted by Quantum Electrodynamics (QED), while additional, unexpected properties might be linked to the existence of yet-undiscovered axion-like particles interacting with two photons. In this low energy case, 1-2 eV real photons from a polarized laser beam are scattered off virtual photons provided by a magnetic field. Information on the scattering processes can be obtained by measuring changes in the polarization state of the probe photons. In the PVLAS (Polarizzazione del Vuoto con LASer) experiment, running at LNL, the Legnaro National Laboratory of INFN, near Padova, Italy, a linearly polarized laser beam is sent through a 5 Tesla magnetic field in vacuum, where it is reflected back and forth, by means of a Fabry-Perot resonator, about ~100000 times over a distance of 1 m. An heterodyne ellipsometer allows simultaneous detection of birefringencies and of rotations of the polarization plane. The sensitivity of the instrument allows detection of rotation or of ellipticity angles of about 1e-9 rad in an hour of data taking. 

The Trieste group, besides participating in all activities taking place at the Legnaro main site, runs its own test laboratory at the Area di Ricerca INFN building. During 2006, an extensive upgrade program took place on the main apparatus at LNL, with the objective of reducing the possible role of the residual magnetic fringe fields as a source of instrumental effects. Measurement runs conducted after the upgrades yielded results showing that the previously observed vacuum rotation and ellipticity signals could be attributed to instrumental artifacts. The challenge is now to attain a sufficently low noise floor in order to be able to reach the sensitivity needed to observe the “pure” QED-predicted effects. In the meantime, a new small-scale ellipsometer is being assembled in the Trieste laboratory with the specific aim of studying noise sources and instrumental effects.

1.3 Nuclear Physics

1.3.1 ALICE: Heavy Ions at Ultra-Relativistic Energies at LHC - CERN

Faculty and staff: L.Bosisio, M.Bregant, P.Camerini, G.-V.Margagliotti (PI), R.Rui

PhD students and postdoc fellows: O.Borysov, E. Cattaruzza, G. Contin, S. Piano, A. Rossi, M. Venaruzzo

Local Collaborators: E. Fragiacomo (INFN), N. Grion (INFN), I. Rashevskaya (INFN), A. Rashevsky (INFN), A. Vacchi (INFN), G.L.Zampa (INFN)

Research grants: INFN

Web site: http://aliceinfo.cern.ch/index.html
ALICE is a general-purpose heavy-ion experiment designed to study the physics of strongly interacting matter and the quark–gluon plasma in nucleus–nucleus collisions at the LHC. The detector copes with the highest particle multiplicities anticipated for Pb–Pb collisions (up to 8000 per rapidity unit), but it will span also over lower-mass ions and proton-proton or proton-nucleus collisions. It consists of a central part, to measure event-by-event hadrons, electrons and photons, and of a forward spectrometer to measure muons. The central part, embedded in the large L3 solenoidal magnet, covers a wide polar angle over the full azimuth. It consists of an Inner Tracking System (ITS) of high resolution silicon detectors: two Pixel layers close to the beam pipe, two Silicon-Drift layers in the middle and two Silicon-Strip layers; a Time-Projection Chamber; an Electro Magnetic Calorimeter; a Time-of-Flight detector; a Transition Radiation Detector; a Ring Imaging Cherenkov. Several smaller detectors for global event characterization and triggering purposes are located at forward angles. The ALICE-Trieste group is mainly involved in the realization of the ITS, namely the Silicon Strip (SSD) and the Silicon Drift (SDD) detectors. The project of the mask for the realization of SSD sensors (the core of the SSD detector), and the validation procedure of the SSD modules, were entirely developed and made at Trieste. R&D of SDD and tests during the production, were also carried out by the Trieste group. The commissioning of the whole SSD detector and the developing of the SSD geometry code for simulations and reconstruction purposes, together with relevant parts of the alignment and reconstruction codes, are now important tasks of the ALICE–Trieste group. Calibration with cosmic rays is now in progress, waiting for the first beams from LHC.

1.3.2 FINUDA: Hypernuclear and Strangeness Physics at DAFNE.

Faculty and staff: P.Camerini (PI), R.Rui

PhD students and postdoc fellows: M.Bregant

Local Collaborators (INFN): N.Grion, S.Piano

Research grants: INFN

Web site: http://www.ts.infn.it/physics/experiments/finuda/
FINUDA is a magnetic spectrometer devoted to the study of a several strangeness physics topics. The experiment is performed at the DAFNE f-factory (Laboratori Nazionali di Frascati-I) where very low energy K- (~16MeV) produced from the f(K-K+ decay at rest of f(1020) mesons are used to induce strangeness transfer reactions following K- absorption at rest on different thin nuclear targets. Though FINUDA uses fixed targets, its architecture is typical of a collider experiment with a cylindrical geometry around the beams axis and a large acceptance. The tracking system, composed of double-sided silicon microstrip detectors, drift chambers and straw tubes, allows the detector to have good momentum resolution capabilities (~0.4% for 270MeV/c pions). Moreover, together with two arrays of scintillation counters, it allows good PID performances and tagging of the K- thus strongly reducing backgrounds.  Complete reconstruction of complex topologies is therefore possible, with the identification of primary and secondary vertices. This allows us to investigate a broad range of physics topics such as the formation of L- and S-hypernuclei, their mesonic and non-mesonic decay, the formation of neutron rich L-hypernuclei, the formation of nuclear K- deeply bound states, the Kaon charge exchange reaction at threshold. During year 2006 the Trieste group was involved in the preparation and installation of the vertex detector as well as in the design, construction and implementation of a new data acquisition system, with strongly improved performances in order to cope with the increased machine luminosity. The group also participated in the data taking and analysis; some papers are in preparation describing the results.

1.3.3 Neutron Cross-Sections: n-TOF at CERN

PhD students and postdoc fellows: F.Belloni

Local Collaborators (INFN): P.M. Milazzo (PI, INFN)

Research grants: INFN

Web site: http://pceet075.cern.ch/
The experiment aims at measuring neutron cross-sections relevant to Nuclear Astrophysics and to applications to Accelerator Driven Systems (ADS), at the new time-of-fligh facility n_TOF at CERN. The features of the n_TOF neutron beam, in particular the high instantaneous flux, allow to measure with high accuracy capture cross-sections of importance for the modelling of Stellar Nucleosynthesis of heavy elements. Furthermore, the n_TOF experimental program includes measurements of capture cross-sections on long-lived fission fragments, and capture and fission cross-sections of minor actinides, needed for projects of nuclear waste transmutation. During 2006 there were no measurements, due to the discovery of a level of radioactivity in the refrigeration water of the spallation target higher than allowed. It was therefore decided to replace the Pb spallation target with a new one, provided with an Al cladding. The activity in 2006 was therefore concentrated on data analysis of data collected in 2004 and on few measurements performed at the neutron facility GELINA at JRC-Geel. During 2006 continued the analysis of the neutron capture cross-sections of minor actinides measured with the 4π total absorption calorimeter. The resonance parameters have been extracted for Au, with the aim to provide reference for other measurements and to provide new, more accurate data on this isotope used as standard for all capture cross-section measurements. The analysis of minor actinides (233U, 237Np, 240Pu and 243Am) is in progress. In 2006, the group initiated the analysis of neutron-induced fission reactions measured in 2004 with the Fast Ionization Chamber. Isotopes measured included 233U, 241Am, 243Am, 245Cm, as well as the standard 235U and 238U, used as reference. The data on all mentioned isotopes are very important for their implications in projects of nuclear waste transmutation, and for the Th/U fuel cycle. 

1.3.4 Heavy Ions at Low and Intermediate Energies at LNL and LNS: NUCLEX

Faculty and staff: G.V.Margagliotti

Local Collaborators: U. Abbondanno (INFN)

Research grants: INFN

Web site: http://www.bo.infn.it/nucl-ex/
The NUCL-EX experiment (a collaboration of Bologna University and INFN, Florence University and INFN, Legnaro INFN National Laboratory (LNL), Naples University and INFN and Trieste University and INFN) concerns the study of low and intermediate energy heavy ion induced reactions, to be performed at the Tandem-ALPI complex of the LNL (Padua) and the Superconducting Cyclotron of the Laboratori Nazionali del Sud (LNS, Catania). The main purpose consists in the study of thermodynamical and dynamical aspects of heavy ion reactions, such as the onset of multifragmentation processes in low-energy induced reactions, the search for possible phase-transition effects, the improvement of the experimental knowledge in the field of the Nuclear Equation of State, the study of isospin effects and of the dynamic emission at “mid velocity”. The measurements are performed at the LNL by using the GARFIELD facility and the related ancillary detectors and the CHIMERA detector at LNS. The first measurement at LNL was performed by using 32S beams accelerated at 14.5 AMeV impinging on 58,64Ni targets, in an energy zone in which accurate thermodynamical measurements of the hot systems are expected to be possible in order to enter the liquid-gas coexistence region. At LNS, the first measurements have been performed with 58Ni and 62Ni beams at 25 and 35 AMeV on 40Ca and 48Ca targets. The experimental results are presently under analysis. The preliminary results have been presented in recent conferences and show the so-called isoscaling, leading to the determination of the symmetry energy, a key quantity in the study of the equation of state of asymmetric nuclear matter. 

1.3.5 Test of the Pauli Exclusion Principle: VIP

Faculty and staff: E. Milotti
Research grants: INFN
Web site: http://www.lnf.infn.it/esperimenti/vip/
 

The Pauli Exclusion Principle (PEP) is a basic principle of Quantum Mechanics, and its validity  has never been seriously challenged. However, given its fundamental standing, it is very important to check it as thoroughly as possible.

VIP is an experiment to search possible small violations of PEP for electrons, looking for anomalous X-ray transitions in copper foils, due to electrons injected in the foil by a power supply. If the global wavefunction of these “fresh” electrons and of some electrons in the inner shells of the copper atoms in the foil has the wrong symmetry, the “fresh” electrons in the conduction band can fall into the inner atomic levels. Since the resulting electronic configuration is anomalous, the X-rays emitted in the radiative transition have a lower energy than those coming from the normal transitions. The scientific goal of the VIP experiment is to improve by four orders of magnitude the present limit on the probability of PEP violation for electrons, bringing it into the 10−30 –10−31 region. The experiment is performed inside the Gran Sasso INFN Laboratory (LNGS) and is a small international collaboration (apart from Trieste the other participating institutions are INFN-LNF, “Horia Hulubei” National Inst. of Physics-Bucharest, “Stefan Meyer” Inst. for Subatomic Phys.-Vienna, INFN-LNGS, Uni. Neuchâtel). The Trieste contribution is mostly concentrated on data analysis and physics interpretation. The collaboration has published an improved limit based on data taken at the Frascati National Laboratory (LNF), and at the moment the experiment is taking data at LNGS.
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Agnese F. et al.
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In-beam performance of the ALICE silicon strip detectors 

Nuclear Instruments and Methods A 562 (2006) 110
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Qualification of a large number of double-sided silicon microstrip sensors for the ALICE Inner Tracking System 

Nuclear Instruments and Methods, A 572 (2006) 122

Re.  V. et al.
Luciano Bosisio, Giuseppe Della Ricca, Livio Lanceri, Lorenzo Vitale, Marco Bomben, Concetta Cartaro, Selenia Dittongo 

BaBar silicon vertex tracker: status and prospects 

Nuclear Instruments and Methods A 569 (2006) 1 

[BABAR Collaboration]

Luciano Bosisio, Selenia Dittongo 

Study of the radiation hardness of irradiated AToM front-end chips of the BaBar silicon vertex tracker 

IEEE Transactions on Nuclear Science 53 (2006) 584

 [BABAR Collaboration]

Luciano Bosisio, Giuseppe Della Ricca, Livio Lanceri, Paolo Poropat, Lorenzo Vitale, Cristiano Borean, Concetta Cartaro, Selenia Dittongo, Sergio Grancagnolo 

B meson decays to eta(prime)K*, eta(prime)rho, eta(prime)pi0, omega pi0, and phi pi0 

Physical Review D 70 (2004) 32006

Measurement of branching fractions, and CP and isospin asymmetries, for B --- K* gamma 

Physical Review D 70 (2004) 112006

 [BABAR Collaboration]

Luciano Bosisio, Giuseppe Della Ricca, Livio Lanceri, Lorenzo Vitale, Marco Bomben, Concetta Cartaro, Selenia Dittongo, Sergio Grancagnolo 

B meson decays to mega K*, omega rho, omega omega, omega phi, and omega f(0) 

Physical Review D 74 (2006) 51102

Branching fraction limits for B0 decays to eta-prime eta, eta- prime pi0 and eta pi0 

Physical Review D 73 (2006) 71102

Branching fraction measurements of charged B decays to K*+ K+ K-, K*+ pi+ K-, K*+ K+ pi- and K*+ pi+ pi- final states 

Physical Review D 74 (2006) 1104

Dalitz plot analysis of the decay B+- --- K+- K+- K-+ 

Physical Review D 74 (2006) 32003

Determinations of |V(ub)| from inclusive semileptonic B decays with reduced model dependence 

Physical Review Letters 96 (2006) 221801

The e+ e- --- 3(pi+ pi-), 2(pi+ pi- pi0) and K+ K- 2(pi+ pi-) cross sections at center-of-mass energies from production threshold to 45-GeV measured with initial-state radiation 

Physical Review D 73 (2006) 52003

Measurement of anti-b0 --- D(*)0 anti-K(*)0 branching fractions 

Physical Review D 74 (2006) 31101

Measurement of branching fractions and charge asymmetries in B decays to an eta meson and a K* meson 

Physical Review Letters 97 (2006) 201802

Measurement of branching fractions and CP-violating charge asymmetries for B meson decays to D(*) anti-D(*), and implications for the CKM angle gamma 

Physical Review D 73 (2006) 112004

Measurement of branching fractions and resonance contributions for B0 --- anti-D0 K+ pi- and search for B0 --- D0 K+ pi- decays 

Physical Review Letters 96 (2006) 11803

Measurement of branching fractions in radiative B decays to eta K gamma and search for B decays to eta-prime K gamma 

Physical Review D 74 (2006) 31102 

Measurement of the absolute branching fractions B to Dpi, D*pi, D**pi with a missing mass method 

Physical Review D 74 (2006) 111102

 [BABAR Collaboration]

Luciano Bosisio, Giuseppe Della Ricca, Livio Lanceri, Lorenzo Vitale, Marco Bomben, Concetta Cartaro, Selenia Dittongo, Sergio Grancagnolo 

Measurement of the B --- pi l nu Branching Fraction and Determination of |V(ub)| with Tagged B Mesons 

Physical Review Letters 97 (2006) 211801

Measurement of the B- --- D0 K*- branching fraction 

Physical Review D 73 (2006) 111104

Measurement of the branching fraction and photon energy moments of B --- X(s) gamma and A)CP)(B --- X(s+d) gamma) 

Physical Review Letters 97 (2006) 171803

Measurement of the Branching Fraction and Time-Dependent CP Asymmetry in the Decay B0 --- D*+ D*- K0(s) 

Physical Review D 74 (2006) 91101

Measurement of the D+ --- pi+ pi0 and D+ --- K+ pi0 branching fractions 

Physical Review D 74 (2006) 11107

Measurement of the eta and eta-prime transition form-factors at q**2 = 112-GeV**2 

Physical Review D 74 (2006) 012002

Measurement of the inclusive electron spectrum in charmless semileptonic B decays near the kinematic endpoint and determination of |V(ub)| 

Physical Review D 73 (2006) 12006

Measurement of the ratio B(B+ --- X e nu) / B(B0 --- X e nu) 

Physical Review D 74 (2006) 91105

Measurement of the spin of the Omega- hyperon at BABAR 

Physical Review Letters 97 (2006) 112001

Measurement of time-dependent CP asymmetries in B0 --- D(*)+- pi-+ and B0 --- D+- rho-+ decays 

Physical Review D 73 (2006) 111101

Measurements of branching fraction, polarization, and charge asymmetry of B+- --- rho+- rho0 and a search for B+- --- rho+- f0(980) 

Physical Review Letters 97 (2006) 261801

Measurements of branching fractions, polarizations, and direct CP-violation asymmetries in B --- rho K* and B --- f0(980) K* decays 

Physical Review Letters 97 (2006) 201801

Measurements of branching fractions, rate asymmetries, and angular distributions in the rare decays B --- K l+ l- and B --- K* l+ l- 

Physical Review D 73 (2006) 92001

Measurements of CP-violating asymmetries and branching fractions in B decays to omega K and omega pi 

Physical Review D 74 (2006) 11106

Measurements of neutral B decay branching fractions to K0(s) pi+ pi- final states and the charge asymmetry of B0 --- K*+ pi- 

Physical Review D 73 (2006) 31101

Measurements of the absolute branching fractions of B+- --- K+- X(c anti-c) 

Physical Review Letters 96 (2006) 52002

Measurements of the B --- D* form-factors using the decay anti-B0 --- D*+ e- electron-neutrino 

Physical Review D 74 (2006) 92004

Measurements of the branching fraction and time-dependent CP asymmetries of B0 --- J/psi pi0 decays 

Physical Review D 74 (2006) 11101

Measurements of the branching fractions and CP-asymmetries of B- --- D0(CP) K decays 

Physical Review D 73 (2006) 51105

Measurements of the Decays B0 --- anti-D0 p anti-p, B0 --- anti-D*0 p anti-p, B0 --- D- p anti-p pi+, and B0 --- D*- p anti-p pi+ 

Physical Review D 74 (2006) 51101

Observation of an excited charm baryon Omega(C)* decaying to Omega(C)0 gamma 

Physical Review Letters 97 (2006) 232001

Observation of B+ --- anti-K0 K+ and B0 --- K0 anti-K0 

Physical Review Letters 97 (2006) 171805

Observation of B+ --- phi phi K+ and evidence for B0 --- phi phi K0 below eta(c) threshold 

Physical Review Letters 97 (2006) 261803

Observation of B0 Meson Decay to a+-(1)(1260) pi-+ 

Physical Review Letters 97 (2006) 51802

Observation of e+e- Annihilations into the C = +1 Hadronic Final States rho0 rho0 and phi rho0 

Physical Review Letters 97 (2006) 112002

Observation of Upsilon(4S) decays to pi+ pi- Upsilon(1S) and pi+ pi- Upsilon(2S) 

Physical Review Letters 96 (2006) 232001

Precise Branching Ratio Measurements of the Decays D0 --- pi- pi+ pi0 and D0 --- K- K+ pi0 

Physical Review D 74 (2006) 91102

Precision measurement of the Lambda+_c baryon mass 

Physical Review D 72 (2005) 52006

Search for B Meson Decays to eta' eta' K 

Physical Review D 74 (2006) 31105

Search for B+ --- phi pi+ and B0 --- phi pi0 Decays 

Physical Review D 74 (2006) 111102

Search for B+ --- X(3872) K+, X(3872) --- J/psi gamma 

Physical Review D 74 (2006) 71101

Search for D0-anti-D0 Mixing and Branching-Ratio Measurement in the Decay D0 --- K+ pi- pi0 

Physical Review Letters 97 (2006) 221803

Search for doubly charmed baryons Xi(cc)+ and Xi(cc)++ in BABAR 

Physical Review D 74 (2006) 11103

 [BABAR Collaboration]

Luciano Bosisio, Giuseppe Della Ricca, Livio Lanceri, Lorenzo Vitale, Marco Bomben, Concetta Cartaro, Selenia Dittongo, Sergio Grancagnolo 

Search for lepton flavor violation in the decay tau +- --- e+- gamma 

Physical Review Letters 96 (2006) 41801

Search for rare quark-annihilation decays, B- --- D(s)(*)- phi 

Physical Review D 73 (2006) 11103

Search for T, CP and CPT violation in B0 anti-B0 mMixing with inclusive dilepton events 

Physical Review Letters 96 (2006) 251802

Search for the charmed pentaquark candidate Theta(c)(3100)0 in e+ e- annihilations at s**(1/2) = 1058-GeV 

Physical Review D 73 (2006) 91101

Search for the decay B0 --- a(1)+- rho+- 

Physical Review D 74 (2006) 31104

Search for the decay B0 --- K0(s) K0(s) K0(L) 

Physical Review D 74 (2006) 32005

Search for the decay of a B0 or anti-B0 meson to anti-K*0 K0 or K*0 anti-K0 

Physical Review D 74 (2006) 72008

Search for the decay tau- --- 3pi- 2pi+ 2pi0 nu(tau) 

Physical Review D 73 (2006) 112003

A Search for the rare decay B0 --- tau+ tau- at BABAR 

Physical Review Letters 96 (2006) 241802

Search for the rare decays B0 --- D(*)+(s) a-0(2) 

Physical Review D 73 (2006) 71103

Searches for B0 decays to eta K0, eta eta, eta-prime eta-prime, eta phi, and eta-prime phi 

Physical Review D 74 (2006) 1106

Study of B --- D(*) D(*)(s(J)) Decays and Measurement of D-(s) and D(sJ)(2460)- Branching Fractions 

Physical Review D 74 (2006) 31103

A Study of e+ e- --- p anti-p using initial state radiation with BABAR 

Physical Review D 73 (2006) 12005

A Study of the D*(sJ)(2317) and D(sJ)(2460) Mesons in Inclusive c anti-c Production Near (s)**(1/2) = 106-GeV 

Physical Review D 74 (2006) 32007

Study of the decay anti-B0 --- D*+ omega pi- 

Physical Review D 74 (2006) 12001

[CDF Collaboration]  

S.Belforte, M.Casarsa, A.Penzo, A.Zanetti

Measurement of the azimuthal angle distribution of leptons from W boson decays as a function of the W transverse momentum in p anti-p collisions at s**(1/2) = 1.8-TeV

Phys.Rev.D73 (2006) 052002

Evidence for the exclusive decay B(c)+- -> J/psi pi+- and measurement of the mass of the B(c) meson

Phys.Rev.Lett.96 (2006) 
Search for W and Z bosons in the reaction anti-p p -> 2 jets + gamma at s**(1/2) = 1.8-TeV

Phys.Rev.D73 (2006) 012001

Measurement of the ratios of branching fractions B(B(s)0 -> D(s)- pi+) / B(B0 -> D- pi+) and B(B+ -> anti-D0 pi+) / B(B0 -> D- pi+)

Phys.Rev.Lett.96 (2006) 191801

Measurement of b hadron masses in exclusive J/psi decays with the CDF detector

Phys.Rev.Lett.96 (2006) 202001

Search for neutral MSSM Higgs bosons decaying to tau pairs in p anti-p collisions at s**(1/2) =1.96-TeV

Phys.Rev.Lett.96 (2006) 011802

Direct search for Dirac magnetic monopoles in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.96 (2006) 201801

Top quark mass measurement using the template method in the lepton + jets channel at CDF II

Phys.Rev.D73 (2006) 032003

Precision top quark mass measurement in the lepton + jets topology in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.96 (2006) 022004

A Search for t -> tau nu q in t anti-t production

Phys.Lett.B639 (2006) 172

Search for charged Higgs bosons from top quark decays in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.96 (2006) 042003

Measurement of the helicity of W bosons in top-quark decays

Phys.Rev.D73 (2006) 111103

Measurement of the top quark mass with the dynamical likelihood method using lepton plus jets events with b-tags in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.D73 (2006) 092002

Measurement of the inclusive jet cross section in p anti-p interactions at s**(1/2) = 1.96-TeV using a cone-based jet algorithm

Phys.Rev.D74 (2006) 071103

Search for second-generation scalar leptoquarks in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.D73 (2006) 051102

Search for H -> b anti-b produced in association with W bosons in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.96 (2006) 081803

Measurement of the inclusive jet cross section using the k(T) algorithm in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.96 (2006) 122001

[CDF Collaboration] 

S.Belforte, M.Casarsa, A.Penzo, A.Zanetti
Search for anomalous semileptonic decay of heavy flavor hadrons produced in association with a W boson at CDF II

Phys.Rev.D73 (2006) 051101

Measurement of mass and width of the excited charmed meson states D0(1) and D*0(2) at CDF

Phys.Rev.D73 (2006) 051104

Top quark mass measurement from dilepton events at CDF II

Phys.Rev.Lett.96 (2006) 152002

A Search for scalar bottom quarks from gluino decays in anti-p p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.96 (2006) 171802

Measurement of the dipion mass spectrum in X(3872) -> J/psi pi+ pi- decays

Phys.Rev.Lett.96 (2006) 102002

Observation of  B0(s) -> psi(2S)phi and measurement of ratio of branching fractions B(B0(s) -> psi(2S)phi) / B(B0(s) -> J/psi phi)
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Measurement of the top quark mass using template methods on dilepton events in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.D73 (2006) 112006

Search for Z' -> e+ e- using dielectron mass and angular distribution
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Search for high-mass resonances decaying to e mu in p anti-p collisions at s**(1/2) = 1.96-TeV
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Measurement of the B(c)+ meson lifetime using B(c)+ -> J/psi e+ nu(e)
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Measurement of the t anti-t production cross section in p anti-p collisions at s**(1/2) = 1.96-TeV using missing E(T) + jets events with secondary vertex b-tagging
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Search for Large Extra Dimensions in the Production of Jets and Missing Transverse Energy in p anti-p Collisions at s**(1/2) = 1.96 TeV
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Measurement of the ratio of branching fractions B(D0 -> K+ pi-) / B(D0 -> K- pi+) using the CDF II Detector
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Search for new physics in lepton + photon + X events with 305 pb**-1 of p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.97 (2006) 031801

Measurement of the b jet cross-section in events with a Z boson in p anti-p collisions at s**(1/2) = 1.96-TeV
Phys.Rev.D74 (2006) 032008

Top quark mass measurement from dilepton events at CDF II with the matrix-element method

Phys.Rev.D74 (2006) 032009

Search for a neutral Higgs boson decaying to a W boson pair in p anti-p collisions at s**(1/2) = 1.96-TeV
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Measurement of the t anti-t Production Cross Section in p anti-p Collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.97 (2006) 082004
Observation of B0 (s) -> K+ K- and Measurements of Branching Fractions of Charmless Two-body Decays of B0 and B0(s) Mesons in anti-p p Collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.97 (2006) 211802

[CDF Collaboration] 

S.Belforte, M.Casarsa, B.Di Ruzza, A.Penzo, A.Zanetti
Measurement of the B0(s) - anti-B0(s) Oscillation Frequency
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Search for excited and exotic muons in the mu gamma decay channel in p anti-p collisions at s**(1/2) = 1.96-TeV

Phys.Rev.Lett.97 (2006) 191802 

Measurement of the t anti-t Production Cross Section in p anti-p collisions at s**(1/2) = 1.96-TeV using Lepton + Jets Events with Jet Probability b-tagging

Phys.Rev.D74 (2006) 072006

Measurement of the t anti-t Production Cross Section in p anti-p collisions at s**(1/2) = 1.96-TeV in the All Hadronic Decay Mode

Phys.Rev.D74 (2006) 072005

Observation of B0(s) - anti-B0(s) Oscillations
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COMPASS homes in on the nucleon spin 
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COMPASS results on transverse single-spin asymmetries 

Czech Journal of Physics 56 (2006) 33

Paolo Schiavon 

Gluon polarization in the nucleon from quasi-real photoproduction of high-p hadron pairs 
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Design and status of COMPASS FAST-RICH 
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 [DELPHI Collaboration]

Fabio Cossutti, Giuseppe Della Ricca, Lorenzo Vitale 

Determination of heavy quark non-perturbative parameters from spectral moments in semileptonic B decays 

European Physical Journal C 45 (2006) 35

Determination of the b quark mass at the M(Z) scale with the DELPHI detector at LEP 

European Physical Journal C 46 (2006) 569

A Determination of the centre-of-mass energy at LEP2 using radiative 2-fermion events 

European Physical Journal C 46 (2006) 295

Masses, Lifetimes and Production Rates of Xi- and anti-Xi+ at LEP 1 
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Study of double-tagged gamma gamma events at LEP II 
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Single intermediate vector boson production in e+e- collisions at s**(1/2) = 183-GeV to 209-GeV 

European Physical Journal C 45 (2006) 273

Search for neutral MSSM Higgs bosons at LEP 
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Emilio Zavattini, Giovanni Cantatore, Federico Della Valle, Edoardo Milotti, Marco Bregant 

Experimental observation of optical rotation generated in vacuum by a magnetic field 

Physical Review Letters 96 (2006) 110406

Zavattini G. et al.
Giovanni Cantatore, Federico Della Valle, Edoardo Milotti, Marin Karuza 

On measuring birefringences and dichroisms using Fabry Perot cavities 
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New experimental limit on Pauli exclusion principle violation by electrons 
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2 ASTROPARTICLE PHYSICS AND SPACE SCIENCE
During the first half of XX Century, the observation of cosmic rays initiated the study of particle physics; cosmic rays are again at the forefront of Astroparticle Physics research now, providing information on a variety of objects and phenomena in our Universe, and probing its structure and genesis at both the microscopic and macroscopic level. Modern instrumentation, developed for detecting particles in accelerator experiments, can be carried by satellites above the Earth atmosphere, or used for Earth-based experiments. Astroparticle physics is interconnected with the broad field of Space Science, encompassing studies on the Earth as a planet, on the Sun as a star and a source of energy, and on the fundamental problems of the genesis and evolution of the Universe at large.

The Department is involved in experiments such as the search for primordial antimatter in cosmic rays, the study of gamma rays associated with a variety of cosmic sources, the study of cosmic background radiation, and in the development of instrumentation and analysis tools, in collaboration with INFN, Sezione di Trieste,  Agenzia Spaziale Italiana (ASI), Istituto Nazionale di Astrofisica (INAF) and Centre for Advanced Research in Space Optics (CARSO).

2.1 Astroparticle Physics

2.1.1 Cosmic Rays and Anti-Matter: WIZARD and PAMELA

Faculty and staff: A. Gregorio, P.Schiavon
Local Collaborators: M.Boezio (PI, INFN), V.Bonvicini (INFN), E.Mocchiutti (INFN), A.Vacchi (INFN), G.L.Zampa (INFN), N.Zampa (INFN)
Research grants: INFN, ASI

Web Site: http://www.ts.infn.it/physics/esperimenti/wizard/pamela.html
The WiZard collaboration is an international collaboration for cosmic ray physics. Its main scientific goal is measuring the flux and energy spectra of antiprotons and positrons in the cosmic radiation and continuing the search for primordial antimatter. The importance of this research stems with the comprehension of fondamental question about the Universe and its evolution and it is strongly connected with particle physics problems as CP/CPT violation and Grand Unified Theories. The WiZard-Trieste group is now involved in PAMELA, a satellite-borne experiment that is making long duration measurements of the cosmic radiation over an extended energy range. Specifically, PAMELA measures the cosmic-ray antiproton and positron spectra over the largest energy range ever achieved and searches for antinuclei with unprecedented sensitivity. Furthermore, it measures the light nuclear component of cosmic rays and it investigates phenomena connected with solar and earth physics. The apparatus consists of: a time of flight system, a magnetic spectrometer, an anticoincidence system, an electromagnetic imaging calorimeter, a shower tail catcher scintillator and a neutron detector. 

The Trieste group developed the electromagnetic Silicon-Tungsten calorimeter, from design to final construction. Furthermore, it was in charge of designing the functionality of the software of the PAMELA CPU, leading its development and testing. Afterwards, during 2005 and 2006 it had a major responsibility in the testing and integration phases of the PAMELA apparatus with the Russian satellite Resurs-DK1. On the 15th of June 2006, the PAMELA experiment mounted on the Resurs DK1 satellite, was launched from the Baikonur cosmodrome and it has been collecting data since July 2006. The Trieste group is in charge of the software development and of the scientific data analysis.

2.1.2 High-Energy Gamma Astrophysics: AGILE and GLAST

Faculty and staff: G.Barbiellini (AGILE co-PI), F.Liello

PhD students and postdoc fellows: F.Longo, M.Basset

Local Collaborators: R.Giannitrapani (INFN), E.Vallazza (INFN), C.Pontoni (CIFS), M.Persic (OAT), E.Pian (OAT), P.Salucci (SISSA), 

Collaborators from other Universities: E.Bisesi (Univ.Udine), P.Boinee (Univ.Udine)

M.Prest (Univ.Insubria), A. DeAngelis (Univ.Udine). 
Research grants: INFN, ASI

Web sites: http://agile.iasf-roma.inaf.it, http://glast.gsfc.nasa.gov
The AGILE Experiment 

AGILE, acronym for Astrorivelatore Gamma a lmmagini Leggero, is a 350 kg satellite dedicated to high-energy astrophysics. Its main goal is the simultaneous detection of hard X-ray and gamma-ray cosmic radiation in the energy bands 15-60 keV and 30 MeV - 50 GeV with optimal imaging and timing.  AGILE's scientific goals include the study of Active Galactic Nuclei (AGN) and clusters of galaxies, Gamma-Ray Bursts (GRB), Pulsars, Unidentified gamma-ray sources, Galactic Black Holes, Microquasars, accreting neutron stars, Supernova Remnants (SNR), TeV sources, Gamma-ray diffuse emission, Fundamental Physics. The AGILE scientific instrument is extremely compact and yet it contains three highly sophisticated detectors. A segmented Anticoincidence plastic shield surrounds all active detectors. A very compact coded-mask hard X-ray imager (sensitive in the 15-60 keV range) is positioned on top. The instrument core is the Silicon Tracker aimed at the imaging of gamma-rays in the band 30 MeV - 50 GeV. Below it is the Mini-Calorimeter sensitive in the energy band 0.4-100 MeV. The Silicon tracker, core of the instrument, was entirely built under the responsibility of the Trieste group. The Montecarlo simulation of the satellite as well as the coordination of the SNR and TeV sources are under the responsabilities of the local group. Trieste members are actively participating in the GRB working group too. In 2006 the instrument completed its integration and testing phase with the spacecraft. AGILE was successfully launched on April 23, 2007 by the Indian PSLV-C8 rocket from the Satish Dhawan Space Center SHAR, Sriharikota (Chennai-Madras). 

The GLAST Experiment 

The Gamma-ray Large Area Space Telescope (GLAST) is an international space mission that will study the cosmos in the energy range 10 keV - 300 GeV. The baseline GLAST main detector, the Large Area Telescope (LAT), is modular, consisting of a 4 x 4 array of identical towers. Each tower comprises a tracker, calorimeter and data acquisition module. The tracking detector consists of 18 xy layers of silicon strip detectors with thin foils of Tungsten converter. The calorimeter in each tower consists of eight layers of 12 CsI bars in a hodoscopic arrangement for a total thickness of 10 radiation lengths. The anticoincidence shield, which covers the array of towers, employs segmented tiles of scintillator. The instrument design is based on detailed computer simulations using the object-oriented C++ Geant4 toolkit, validated with tests of prototype towers at particle accelerators. GLAST will be launched by a Delta II rocket in January 2008. The key scientific objectives of the GLAST mission are: (1) to understand the mechanisms of particle acceleration in AGNs, pulsars, and SNRs; (2) to resolve the gamma-ray sky: unidentified sources and diffuse emission; (3) to determine the high-energy behavior of gamma-ray bursts and transients; (4) probe dark matter (DM) and early Universe. In 2006 the instrument completed its final calibration and was integrated with the spacecraft for the final mission tests. The local group is responsible for the maintenance of the full Montecarlo of the satellite, the simulation and data processing of the calibration beam test and the development of the LAT event display. Trieste members are deeply involved in scientific working groups, with active participation in GRB, SNR, DM and AGN Working Groups.

2.2 Space Science

Faculty and staff: A.Gregorio

PhD students and postdoc fellows: M.Molinaro

Collaborators: M.Messerotti (INAF), F.Pasian (INAF), A.Zacchei (INAF), S.Carrato (Univ.Trieste, DEEI)
Research grants: INAF, ASI, ESA

Web sites: http://www.esa.int/science/planck 

http://esa-spaceweather.net/;

http://www.units.it/~carrato/didatt/cubesat/index.html
2.2.1 Cosmic Microwave Background Radiation: PLANCK Experiment 

Planck is a mission of the European Space Agency, ESA, due to be launched in August 2008. The purpose of the mission is mapping the microwave sky with an unprecedented combination of frequency range, angular resolution, sensitivity, sky coverage, calibration accuracy, and freedom from systematic errors. Two Consortia are each in charge of building an instrument and perform the related data processing within a Data Processing Centre (DPC). The Low Frequency Instrument (LFI) is composed of an array of radiometers based on cryogenic HEMT amplifiers cooled to 20 K and working at 3 frequencies (30 - 70 GHz). The High Frequency Instrument (HFI) is an array of bolometers working at 6 frequencies (100 - 850 GHz), cooled down to 0.1 K. The main scientific goals are to produce all-sky maps of all the major sources of microwave to far-infrared emission, to measure with extreme precision the anisotropies of the Cosmic Microwave Background and to evaluate the main cosmological parameters. During the period of satellite visibility (3h per day), the spacecraft and instruments telemetry will be dumped to the Ground Station, located in Perth, and then sent to the Mission Operations Centre, in Darmstadt, to monitor the safety of the overall system. Data will then made available to the instrument Consortia, retrieved by the first level of the Science Ground Segment, run by an Instrument Operation Team (IOT) and hosted at the instrument’s Data Processing Centre (DPC); the LFI DPC is located in Trieste at INAF. The start of the mission is approaching rapidly and during 2006 the Trieste group was deeply involved in the last phase of the Planck mission preparation. The main task at the LFI DPC is to guarantee safety and health of the instrument under its control, by analysing the telemetry, producing daily and weekly reports in which the instrument performance and trend behavior is defined, and giving feedback requesting changes in the instrumental setup. Beyond these activities, it is worthwhile mentioning also that the final calibration of the LFI instrument has been completed with the support of the Trieste DPC and IOT members. 

2.2.2 Space Weather Effects: AtmoCube Experiment

An increasing attention during the next years will be devoted to better understanding the physical processes that effect the flow of energy from the Sun to Earth and its consequences for life and society that is growing in proportion to our dependence on technological systems. At the same time an increasing of the human space activity is foreseen, so the improvement of the space weather prediction is becoming an important task of national and international programs to address health, safety, and commercial needs. AtmoCube is an educational satellite which represents an innovative measurement system for the study of the near Earth space environment starting from about 500 km altitude. It appears as a cubic nano-satellite, with 13 cm side, and a total mass of 1,5 kg. AtmoCube’s scientific goals are to examine the flux of radiation impinging on a spectral dosimeter and to build a precise map of the Earth magnetic field. AtmoCube is part of the international CubeSat educational program. It will be the first satellite of this series completely developed at the University of Trieste and in particular by the students during their University courses, Laurea theses and other fellowships. The simplicity of the satellite allows the study of the complete system in a limited temporal period, of the order of a few years, and favours the collaboration between students coming from different Schools. Not having dedicated sources of funding, the development proceeds slowly in spite of the efforts and the enthusiasm of the involved students and of teachers who follow them. Up to 2006, a detailed study of the space environment in which AtmoCube will orbit has been performed, while the attitude control system is being designed. The structure design has already been defined, while the thermal and power systems are being currently analyzed to evaluate its compatibility with the requirements of the scientific payload. The on-board data handling and the communication system, which uses the radio amateur bands, are being developed.

2.3 Instrumentation and Analysis Methods for Astronomy

Faculty and staff: G. Sedmak

Local collaborators: S. Carozza

Research grants: PRIN 2004020323_002

Introduction: Technologies and methods for astronomy are developed within the cooperation to the ESO - INAF VST (VLT Survey Telescope) project. The VST telescope is a wide-field, alt-azimuth optical telescope of 2.6 m aperture with active control of the mirrors and a CCD mosaic camera of 16k x 16k pixels. The telescope is designed to observe up to m = 26.5 in the band from 320 nm to 1014 nm and is equipped with an atmospheric spectral dispersion compensator.  The VST project was proposed to ESO in 1998, by the Capodimonte Astronomical Observatory in Naples; since then G.Sedmak cooperated as project manager. Further methods are developed in the numerical simulation of turbulent image propagation in the Earth atmosphere and in the field of inverse problems for the deconvolution of astronomical images.

2.3.1 Technologies for Astronomy

The mechanical structure of the VST telescope was designed and built in Italy. In 2006 the structure with three-axes control was completed, tested by INAF, inspected, and accepted by ESO for  moving in 2007 to the ESO Paranal Observatory in Chile. The VST optics were designed in Italy and built in Germany and Russia. The last component, the primary mirror, was completed, tested and accepted in 2006 for moving to Chile in 2007.  The active control was preliminarily finished in 2006 and  will be revised  in 2007 after a joint ESO - INAF critical review. The VST telescope is expected to start operations in Chile in early 2008. 

2.3.2 Image Analysis Methods

The characterization of the VST telescope was studied by G.Sedmak and collaborators, within a PRIN program completed in 2006. The study implied the numerical simulation of the PSF of the telescope by a ray-tracing code (Zemax), performed with G.Marra in Naples, and the modelling of the PSFs by polynomial and wavelet image compression with two-dimensional mapping over the 16k x 16k pixels field of view, done in Trieste with S.Carozza. The quality figures extracted were then used to characterize the performance.  The results will be published in the Erice International Workshop on Data Analysis in Astronomy, 2007. The current activity in 2006 regards also the inverse problems of the deconvolution of single or multi-channel astronomical images with known or unknown PSF and the automatic recognition of defects in wide-field images.
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The AGILE mission and its scientific instrument 
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Particle identification with the Silicon Transition Radiation Detector (SiTRD): State of art and future perspectives.
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3 CONDENSED MATTER PHYSICS

Nano-science is at present one of most active fields of basic research, potentially rich in technological applications. Its aim is the understanding and control of matter at the nanometer scale; it includes the growth and characterization of materials organized in nano-structures such as thin films, nano-wires and nano-tubes. Advanced growth techniques and analysis tools such as tunnel microscopy, ultra-short laser pulses, and X rays from synchrotron radiation are used by the researchers from the Department of Physics, in close collaboration with the TASC National Laboratory of Istituto Nazionale di Fisica della Materia (INFM-CNR), and with Laboratorio di Luce di Sincrotrone ELETTRA.

3.1 New Composite Semiconductors and Nanostructures

Faculty and staff: A.Franciosi

Collaborators: F.Martelli, S.Rubini (TASC CNR-INFM), Fauzia Jabeen (Sincrotrone Trieste S.C.p.A.)

Research grants: INFM, MUR

Molecular beam epitaxy techniques are used to fabricate new semiconductor alloys and nanostructures. Electron and optical spectroscopy methods, including synchrotron radiation spectromicroscopy, are exploited to characterize the resulting electronic structure and optical properties. In 2006 research was concentrated on dilute nitride semiconductor alloys, such as GaAsN and InGaAsN; it demonstrated for the first time nitrogen-induced hindering of In incorporation during growth, and pioneered the use of low-energy hydrogen implantation to locally passivate N and achieve in-plane bandgap engineering. In addition, metal catalyst particles were used to promote low-temperature growth of ZnSe and GaAs nanowires, obtaining oriented single-crystal nanowires several microns long, with thicknesses ranging from 5 to 10 nm, and unprecedented crystal quality. Both types of nanostructures have important potential applications in optoelectronics.

3.2 Surface structure and reactivity

Faculty and staff: R. Rosei, G. Comelli and A. Baraldi

PhD students and postdoc fellows: C. Africh, E. Vesselli, L. Bianchettin, C. Blasetti, C. Dri, E. Golfetto

Collaborators:  F.Esch (TASC Laboratory INFM-CNR)

Research grants: MIUR: FIRB RBNE0155X7, CENTRO ECCELLENZA CLAB013P24; Sincrotrone Trieste S.C.p.A.
Web site: http://reactivity.tasc.infm.it/
3.2.1 Diffraction and electron spectroscopy  

The research activity is focussed in studying the geometrical structure and the chemical activity of model solid surfaces, mainly transition metals (pure or alloys) and oxides. Phenomena such as atomic adsorption and structural modifications of the substrate are investigated by using diffraction- and spectroscopy-based experimental techniques. Space-integrated spectroscopic approaches are typically applied, such as the X-ray Photoelectron Spectroscopy, which allows to distinguish surface species in different chemical and geometrical environment, and the Thermal Desorption Spectroscopy. Depending on the system, a local chemically-sensitive technique where the electron source is placed inside the specimen (photoelectron diffraction) or a long-range order analysis where monochromatic low energy electrons impinge the surface (low energy electron diffraction) are alternatively employed. The use of atomic and supersonic molecular beams allows a controlled raise of the gas phase molecular kinetic energy in order to simulate higher pressures. The team regularly carries out synchrotron radiation experiments at ELETTRA, in particular at the SuperESCA beamline, or at other European synchrotron radiation facilities. By exploiting the high performance of synchrotron radiation high energy resolution X-ray Photoelectron Spectroscopy, we have made it possible to study surface processes in real time, down to the range of seconds. The structure and chemical reactivity of bimetallic surfaces such as PtRh and NiAl have been studied in 2006. The experimental results are frequently compared with “ab initio” theoretical calculations performed in collaboration with theoretical groups, in particular with the CNR-INFM DEMOCRITOS center.
3.2.2 Scanning tunnelling microscopy  

The group studies the geometrical structure and the chemical activity of catalytically relevant model systems by means of scanning tunnelling microscopy (STM). Atomically resolved images of the systems under investigations, typically transition metals and oxides, are acquired either for a frozen configuration or while a reaction process is taking place on the surface. For the latter purpose the group has developed a special competence in the continuous acquisition of STM images corresponding to the same surface region, which can be used to generate an atomically resolved “movie” of the surface process. Both the STM hardware and the control electronics have been developed in order to achieve operating conditions down to ~30 ms per image, in an extended range of sample temperatures (120 K – 900 K). In 2006 the group has set up a new L-He STM system that can be operated down to 2.5 K sample temperature, where it can be used for nano-manipulation of adsorbed molecules and atoms. The group includes both researchers of the Physics Dept. and of the TASC INFM-CNR laboratory and often collaborates with the Elettra scientific staff to obtain spectroscopic measurements that can complement the STM images. Collaborations with theoretical groups, both at the CNR-INFM DEMOCRITOS center and abroad, provide “ab initio” calculations of the investigated systems. In 2006 the three approaches (STM, spectroscopy and calculations) have been combined to study the initial oxidation of the Rh(110) surface.
3.3 Electronic Properties of Nanostructures and Quasi-2D Metals

Faculty and staff: S.Modesti

PhD students and postdoc fellows: M. G. Izzo

Collaborators: S. Heun, C. Cepek (TASC Laboratory INFM-CNR)

Research grants: INFM, MIUR: PRIN 2006022847, FIRB RBNE019NKS 
3.3.1 Semiconductor nanostructures and carbon nanotubes

The research activity is focussed on the study of the structural and electronic properties of nanostructures in semiconductors, of functionalized carbon nanotubes, and of 2-dimensional metals on semiconductor surfaces. 

One of the aims is the determination of the structure and electronic properties of quantum dots, quantum wells and delta-doped layers in III-V semiconductors with atomic resolution. The systems under investigation have applications in the fields of optoelectronics and spintronics. The group uses cross-sectional scanning tunneling microscopy (XSTM) and spectroscopy (XSTS) in ultra high vacuum (UHV) by using a home-made system. These techniques provide images and tunneling spectra of nanostructure inside semiconductors with atomic resolution. The main results obtained in 2006 have been the measure of the distributions of the elements and of the correlations between the positions of the components with atomic resolution in InGaAsN quantum wells and quantum dots in GaAs, and in delta-doped Si and Mn layers in GaAs, and the band mapping in quantum wells with manometer resolution.

We have also determined by STM the structure, the electronic properties and the functionalization pattern of single-walled carbon nanotubes with organic functionalization with sub-nanometer resolution. This functionalization modifies the properties of the nanotubes and makes possible their handling, purification and the integration in devices and composite materials.

3.3.2 Two-dimensional metals on semiconductors
Two-dimensional metals on semiconductor surfaces may be prone to structural and electronic instabilities and are a useful playground to study electron correlation effects in two dimensions. The Sn/Si(111)-(√3x√3) R30° surface was so far believed to be metallic according to the electron counting argument. We have shown, by using tunnelling spectroscopy, scanning tunnelling microscopy (STM), photoemission and photoelectron diffraction, that below 70 K this surface has a very low density of states at the Fermi level and is not appreciably distorted. The experimental results are compatible with the insulating Mott-Hubbard ground state predicted by LSDA+U calculations. For this research we have built and used a new home-made UHV STM system that can operate at temperatures al low as 2.5 K.

3.4 Electronic and Structural Properties of Thin Films

Faculty and staff: F.Tommasini, A.Morgante

PhD students and postdoc fellows: Martina Dell’Angela

Collaborators: F. Bruno, A. Cossaro, L. Floreano, A. Verdini (INFM), D. Cvetko (University of Lubiana)
Research grants: INFM, PRIN, Interreg EU

The research activity focuses on the study of structural and electronic properties of thin films and nanostructures. Both organic and inorganic films have been studied but recently the research has been concentrated mainly on organic molecules nanostructures and films. These systems are studied with various experimental techniques mainly using synchrotron radiation. A large fraction of experiments are carried out at the ALOISA beamline at Elettra, which is managed by the research group. This beamline allows us to investigate the interplay between structural and electronic properties of complex systems thanks to the large variety of spectroscopic and diffraction techniques that can be applied on sample prepared in situ. Microscopy tools are also used ex-situ in collaboration with other research groups.

The materials that we have studied recently are large  bonded molecules like porphirines and phtalocianines, small aminoacids that self assemble in well ordered nanostructures (nanowires), self assembled monolayers of alkenthiols as soft interfaces for the growth of better ordered organic materials, organic etherostructures which are of interest for building low cost solar cells.

Charge transfer processes at the interface between organic and inorganic materials and in the organic film are studied mainly by Resonant Photoemission, a technique that is able to provide information about charge transfer times in the femtosecond range.

We are concentrating now in understanding the formation of chemical bond between complex organic molecules and surfaces and the role of the chemical bond in the self assembling processes searching for spectroscopic fingerprints in high resolution X-ray experimental techniques. 

3.5 Ultra-Fast Spectroscopies and Strongly Correlated Materials
Faculty and staff: F.Parmigiani

PhD students and postdoc fellows: A. Simoncig, E. Carleschi
Collaborators: G. Zgrablic, B. Ressel, C. Cacho, M. Pasqualetto, C. Grazioli, M. Malvestuto, M. Zacchigna, M.Zangrando, F. Bondino, E. Magnano (INFM-CNR and Sicnrotrone Trieste S.C.p.A.)
Research grants: CNR-INFM, FIRB, Progetto FERMI@elettra
3.5.1 Dynamics of non-equilibrium states in solids induced by ultrashort coherent pulses
In recent years, the advent of ultrashort coherent pulses allowed to investigate solid-state physics in the femtosecond timescale. Nowadays time-resolved optical and photoemision spectroscopies are the leading techniques to study different topics such as non-equilibrium electron properties at metal surfaces, non-equilibrium thermodynamics, ultrafast spin-manipulation, ultrafast solid-solid phase transitions, strongly correlated systems and non-linear properties of bulk polycrystalline materials.
3.5.2 Non-adiabatic magnetoelastic effects in nanometric magnets
We are investigating the possibility of modifying a metal spin-system via excitation with ultrashort laser pulses. In particular the Time Resolved Magneto-Optical Kerr effect (TR-MOKE) technique is applied to study the magnetoelastic effects induced by elastic standing waves excited in a bi-dimensional nano-dot array by femtosecond optical pulses. TR-MOKE is an optical spectroscopic technique based on the Kerr effect, i.e. the rotation of the plane of polarization of linearly polarized incident light upon reflection from the surface of a ferromagnetic material. The understanding of the spin dynamics on the picosecond timescale is mandatory for the development of new RAM memories and spintronic devices.

3.5.3 Optical measurement of thermodynamical properties at the nanoscale
When an array of permalloy nano-dots is excited by ultrashort laser pulses, non-adiabatic lattice heating is induced. As a consequence, longitudinal elastic standing waves are generated on the 100ps timescale. The oscillation of the radial parameter in the sub-angstrom scale results in a modulation of the reflectivity on the first-order of the diffraction pattern. We are investigating the possibility to optically measure the thermodynamical properties of these nano-sized physical systems, without perturbing them. In particular it is possible to gain information on the specific heat, the elastic properties. These results open the way for the experimental study of the limits of thermodynamics in the nano-scale region.
3.5.4 Second harmonic generation from transparent inhomogeneous glasses

Second harmonic generation (SHG) from IR ultrashort laser pulses is usually obtained in the phase matching condition. In this case the phase mismatch between the two waves propagating in the material is null and bulk SHG results in a very efficient process. The most used non-linear materials are birifrangent single crystals such as BBO, KBO, etc. We are investigating the possibility to obtain quasi-phase-matching conditions in highly transparent inhomogenous isotropic glasses (KNS glasses). This research is in the direction of the development of low-cost and widely-applicable non-linear materials.

3.5.5 Time-resolved optical spectroscopy of strongly-correlated systems
Time-resolved optical spectroscopy is among the leading techniques to study important topics such as ultrafast solid-solid phase transitions and strongly correlated systems. The investigation of the physical mechanisms, responsible for the relaxation dynamics of the photoexcited system, is mandatory to understand the electronic and optical properties of these materials.We are investigating the electronic properties of CuGeO3, upon strong excitation with ultrashort light pulses. This study is performed through femtosecond time-resolved optical spectroscopy. Copper germanate is a strongly correlated system and it was discovered to be the first inorganic compound exhibiting a spin-Peierls transition, under a critical temperature of about 14 K. Through a pump and probe technique, we study the effects of the photo-excitation of the Zhang-Rice excitons in the sample on the absorption dynamics in the d-d transitions energy region at 1.57 eV.
3.5.6 Heavy-Fermion systems 
The objective of this research line is to correlate the macroscopic properties of HTC superconductors and non-conventional magnetic systems to their electronic structure with the aim of understanding the origin of their phase transitions (superconductive, magnetic, structural...) and the nature of coherent states and quantum critical points.
Most of the research is performed using polarized synchrotron radiation. 

The present activities include: (a) the study of the electronic structure and low-energy excitations of cuprates by x-ray emission and resonant-x-ray emission spectroscopy; (b) the synthesis of Mn-(group-IV) semiconductors epitaxial films and the investigation of their electronic, magnetic properties and phase transitions by means of photoemission, x-ray absorption, x-ray magnetic circular and linear dichroism and SQUID; (c) the fermiology and the study of the electronic structure of different families of cobaltates by angle-resolved photoemission and resonant photoemission; the band structure determination of layered rhodates by means of ARPES at low temperature; (d) the study of the phase transitions in cerium by high-energy and resonant photoemission; (e) the electronic structure variation during phase transitions in rare-earth intermetallic systems by photoemission and x-ray absorption; (f) the study of low-energy excitations, phase transitions, excitation dynamics and orbital order in manganites by means of x-ray linear dichroism, x-ray magnetic dichroism, resonant-x-ray and Auger emission.

The activity also includes the upgrade of the beamline and instrumentation (monochromator mechanics and software, upgraded detector for the fluorescence spectrometer, installation of a new spectrometer for x-ray emission) and the assistance to beamline users.
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4 MULTI-DISCIPLINARY, APPLIED PHYSICS AND TECHNOLOGY

Condensed matter physics and nano-science, included in the previous Section, are strongly technology-oriented, with present and future applications to practical devices in view. Technologies derived from instrumentation developed for nuclear and particle physics research have also important applications, notably in medical diagnostic tools and in environmental monitoring. The Department is pursuing the development of new detectors of ionizing radiation and particles, and of medical physics, in collaboration with INFN, ELETTRA and Ospedali Riuniti di Trieste. Other types of applied or multi-disciplinary research performed at the Department are  also listed in this Section.

4.1 Medical Physics

4.1.1 Synchrotron Radiation Digital Radiology

Faculty and staff: F.Arfelli, E.Castelli (PI), R.Longo

PhD students and postdoc fellows: T.Rokvic

Collaborators: M.A.Cova, E.Quaia, D.Sanabor, M.Tonutti, F.Zanconati, P. Bregant – Dept. of Radiology and Hospital of Trieste; A. Abrami, V.Chenda, D. Dreossi, R.H.Menk, E.Quaia, L.Rigon, G.Tromba – Sincrotrone Trieste; E. Vallazza - INFN

Research grants: INFN: MATISSE (2006) and PICASSO (2007)

A clinical program for mammography with synchrotron radiation (SR) in phase contrast (PhC) has started in March 2006 at the SYRMEP (Synchrotron Radiation for Medical Physics) beam-line of Elettra laboratory. Up to now about 50 patients have been examined. 

SYRMEP is a dedicated bending magnet beam-line where preliminary studies have been carried out on phantoms and “in-vitro” breast tissue samples. The promising results obtained have brought to the next “in-vivo” step with the goal of studying unresolved cases selected by radiologists after routine examinations. The research plan foresees to start in planar radiology with film-screen system in PhC geometry. The next step is the introduction of digital detectors, both conventional and in-house developed, investigating also new imaging modalities such as low dose tomography and tomosynthesis. The INFN experiments PICASSO (Phase Imaging for Clinical Application with Silicon detector and Synchrotron radiation, 2007-09) and MATISSE (Mammographic and Tomographic Imaging with Synchrotron Source at Elettra, 2003-06) are devoted to the R&D on digital X-ray detectors.

The original beamline layout has been modified and a clinical facility has been realized. Since the laminar beam is fixed, planar images are obtained by scanning the patient through the beam, with the patient prone on a speed controlled movement support. The detector is mounted on a rail for PhC distance optimization and it scans the beam synchronized with the patient support. 

After a long process to obtain the approval of the concerned authorities, the mammography program is now at about half way to conclusion. Preliminary analysis shows a high diagnostic quality of the images without any increase in the delivered dose. 

4.1.2 Advanced Magnetic Resonance Imaging Techniques

Faculty and staff: R.Longo

PhD students and postdoc fellows: G. Garbin 

Collaborators: M. Ukmar (Dept. of Radiology and Hospital of Trieste)

The diffusion tensor imaging (DTI) is a MRI technique that allows the study of the diffusion of water molecules in the tissues: the main applications of the DTI concern the human brain mapping and the early diagnosis of the diffuse brain diseases. During 2006 the diffusion properties of the cervical spine in normal volunteers have been studied, in the second step the knowledge on healthy subjects is used as reference point for the DTI application in multiple sclerosis patients.

4.1.3 Intelligent X-Ray Imaging Sensors

Faculty and staff: R.Longo

PhD students and postdoc fellows: T. Rokvic, C. Venanzi

Research grants: EU

Web site: www.i-imas.ucl.ac.uk/
I-ImaS (Intelligent Imaging Sensors) is a European project aiming to produce adaptive x-ray imaging systems using Monolithic Active Pixel Sensors (MAPS) to create optimal diagnostic images. Initial systems concentrate on mammography and cephalography. 

The on-chip intelligence available to MAPS technology will allow real-time analysis of data during image acquisition, giving the capability to build a truly adaptive imaging system with the potential to create images with maximum diagnostic information within given dose constraints.

Images of both breast tissues and jaw sample have been acquired and different exposure optimization algorithms have been applied. Results are very promising since the average dose has been reduced up to about 60% of the dose delivered in conventional image without decreasing of details visibility, see figures in the next page.

4.1.4 PHOto-Neutron Source for In-Hospital BNCT Treatment: PHONES

Faculty and staff: G.Giannini

Research grants: INFN

The PhoNeS project (Photo Neutron Source), ongoing within the Italian Nuclear Physics National Institute (INFN), is exploiting, as neutron source, linear high-energy electron accelerators (18–25 MV) already operating in hospital Radiotherapy Units, equipped with a neutron photoconverter. The goal of the project is to optimize neutron photoproduction by using suitable photoneutron converter constituted by a high Z core for neutron production surrounded by low Z material for the moderation of the high energy neutrons until thermal or epithermal energies. This device is a passive shield that does not entail accelerator modifications and that can be easily installed and removed from the accelerator head. Different kinds of optimized moderating structures can be produced for thermal, epithermal or mixed neutron beams according to the medical need.

In-Hospital photo-neutron radiotherapy extends the possibilities of Boron Neutron Capture Therapy (BNCT) to external treatment of diffused tumors when other methods are not possible or not adequate. By proper material and geometry optimization, interesting fluence rates of thermalized neutrons can be made available, with minimized fast neutron and gamma backgrounds, for a fractionated type of BNCT devoted to external treatment of some specific tumors. Photoneutron converters made by high Z materials, shaped to produce a thermal beam inside an irradiation cavity and easy to install or remove could be a suitable facility for radiotherapy treatment. Several  prototypes have been built, after  feasibility studies on Beam Shaping Assembly using MCNP-GN  and Geant-4 simulation codes, and have been tested at some hospital high energy medical LINAC facilities. 

4.2 Multi-disciplinary research
4.2.1 Virtual Biophysics Lab: VBL
Faculty and staff: E. Milotti

PhD students and postdoc fellows: A. Del Fabbro

Research grants: INFN, UniTS

Web site: http://www.ts.infn.it/physics/experiments/vbl/
 

Today's computers are powerful enough to contemplate new exciting possibilities, like realistic simulations of some aspects of life. These simulations may range from enzymatic activity to large human populations. Our effort lies somewhere in between these extremes: we want to simulate the behavior of large populations of individual cells.

This kind of approach often requires the detailed analysis of some subprocess, like multisite protein phosphorylation, which is known to determine several biological thresholds because of a cooperative allosteric dynamics, and for this reason our activity spans a rather wide range of problems.

The first version of the simulation program – for disperse cells – is now ready and we are working on a version that includes cell-cell interactions in a full 3D environment.

This project is a collaboration with biologists of the University of Verona.
4.2.2 Complex Problems and Neural Networks

Faculty and staff: M.Budinich

Research grants: INFN

Study of Complex Problems with particular relevance to their interrelations with neural networks and with other fields of physics. In particular in 2006 a bridge has been established between the Maximum Clique Problem and the geometry of null planes in complex space, in turn this problem is tackled with the traditional mathematical physics approach of spinors. Also the not so infrequent extension of neural networks to complex field is under examination.
4.2.3 Cavitation in liquids by pulsed ultrasonics fields
Faculty and staff: F.Calligaris , P.Ciuti
Local collaborators: A.Francescutto
Research grants: MUR

The collaboration “Università di Trieste - Belarusian State University of Informatics and Radioelectronics” on ultrasonic cavitation in water continued: spectra of cavitation noise have been studied for different stages of multibubble cavitation zone development. Particular attention was devoted to study sonochemistry process, to measure the cavitation threshold and to evaluate the conversion energy of ultrasonic field. 

Two hydrophone outputs were available: one giving the total sound field present in the cell (i.e. the driving field and the one produced by bubble oscillations and implosions), other sensitive only in a range of frequency around the subharmonics, i.e. 365 kHz and 1.3 MHz. The light emitted by cavitation was revealed by photomultiplier. 

 It has been shown that at ultrasound intensities lower than the sonoluminescence threshold noise spectra contain a fundamental line, a subharmonic and higher harmonics due to nonlinear oscillations of large amplitude bubbles. The threshold of broadband component (white noise) coincides with the threshold of sonoluminescence.

On the basis of the above results we developed new “Cavitation Indicators”: transient and total bubble activity, subharmonic and fundamental frequency of the driving field intensity. 

4.3 Technology R&D: Innovative Silicon Detectors 

Faculty and staff: L.Bosisio, L.Lanceri, L.Vitale

PhD students and postdoc fellows: M.Bomben, G.Giacomini

Collaborators: I.Rashevskaya (INFN)

Research grants: INFN (SLIM5, TREDI), MUR (PRIN-2005)

High Energy Physics experiments at future machines such as the Super B Factory and the Linear Collider will require tracking and vertex detectors with high-rate capability and very low material budget. In many cases it will be essential to get from the tracking system sophisticated trigger information suitable for inclusion in the first-level trigger. 

The SLIM5 Project

The INFN project SLIM5 (a collaboration between several INFN sections) and the MUR funded PRIN-2005 program aim at developing a thin silicon tracking system based on Monolitic Active Pixel Sensors (MAPS) and microstrip detectors, interfaced to a system of associative memories for fast online track reconstruction. The Trieste group is involved in the design and characterization of the microstrip sensors and their readout system. During 2006 strip detectors with integrated JFET-based Source-Follower (fabricated at ITC-irst, Trento) have been characterized by static and functional measurements. The tests have shown that this approach does not provide adequate performance for the application considered, and the decision has been taken to make use of conventional strip detectors read out by the front-end chip FSSR2, developed by the BTeV collaboration. 

A second line of activity of the SLIM5 program is concerned with the evaluation of the performance and possible applications of silicon detectors with internal signal amplification based on the BJT effect. Several devices fabricated by ITC-irst have been characterized, and applications in the monitoring of ambient radioactivity are being investigated.

The TREDI Program

The R&D program TREDI (funded by INFN and carried in collaboration with ITC-irst, Trento, as technology partner) is aimed at the development of fabrication technologies and design solutions for silicon detectors with three-dimensional electrode structure. During 2006, devices adopting a simplified technology – columnar electrodes of only one doping type partially etched through the wafer thickness – have been fabricated and tested. This approach allows a more gradual transition between standard planar detector technology and full 3D processing.  Devices with columns of both doping types – partially etched through the thickness, starting from opposite faces of the wafer – have been designed and preliminary tests of the Deep Reactive Ion Etch process have been made in collaboration with a commercial service provider. Two batches of devices (on substrates of different conductivity types) are being processed by ITC-irst.

Publications in 2006

Verzellesi G. et al.
Luciano Bosisio, Gabriele Giacomini 

BJT-based detector on high-resistivity silicon with integrated biasing structure 

Nuclear Instruments and Methods A 567 (2006) 285

Rizzo G. et al.
Luciano Bosisio 

A Novel monolithic active pixel detector in 013æm triple well CMOS technology with pixel level analog processing 

Nuclear Instruments and Methods A 568 (2006) 195

Luciano Bosisio, Gabriele Giacomini 

Performance evaluation of radiation sensors with internal signal amplification based on the BJT effect 

Nuclear Instruments and Methods A 568 (2006) 217

Bettarini S. et al.
Luciano Bosisio, Livio Lanceri, Lorenzo Vitale, Gabriele Giacomini 

A New approach to the design of monolithic active pixel detectors in 013 [micro]m triple well CMOS technology 

Nuclear Instruments and Methods A 569 (2006) 61

Boscardin M. et al.
Luciano Bosisio 

Characterization of 3D-stc detectors fabricated at ITC-irst 

Nuclear Instruments and Methods A 572 (2006) 284

Bettarini S. et al.
Luciano Bosisio, Livio Lanceri, Lorenzo Vitale, Gabriele Giacomini 

Development of deep N-well monolithic  active pixel sensors in a 013 [micro]m CMOS technology 

Nuclear Instruments and Methods A 572 (2006) 277

Verzellesi G. et al.
Luciano Bosisio 

N-p-n bipolar-junction-transistor detector with integrated p-n-p biasing transistor -- feasibility study, design and first experimental results 

Semiconductor Science and Technology 21 (2006) 194

Naranjo J. R. et al.
Renata Longo 

EEG dynamics of the frontoparietal network during reaching preparation in humans 

Neuroimage  34 (2006) 1673

Wagner A. et al.
Fulvia Arfelli, Luigi Rigon 

Qualitative evaluation of titanium implant integration into bone by diffraction enhanced imaging 

Physics in Medicine and Biology 51 (2006) 1313

Edoardo Milotti 

Model-based fit procedure for power-law-like spectra 

Journal of Computational Physics 217 (2006) 834

Edoardo Milotti 

PLNoise: a package for exact numerical simulation of power-law noises 

Computer Physics Communications 175 (2006) 212

Chakravarty C. et al.
Edoardo Milotti 

Spectral characterization of hydrogen bond network dynamics in water 

Journal of Chemical Physics 125 (2006) 74508

Chignola R. et al.
Edoardo Milotti, Alessio Del Fabbro 

Thresholds, long delays and stability from generalized allosteric effect in protein networks 

Physica A 371 (2006) 463

Budinich Paolo et al.
Marco Budinich 

A Spinorial formulation of the maximum clique problem of a graph 

Journal of Mathematical Physics 47 (2006) 4350

N.V.Dezhkunov, A.Francescutto, F.Calligaris, P.Ciuti 

Device for cavitation activity measurements and investigation 

Proc. 18th Meeting of Russian Acoustical Society, Moscow 2006, V.2, p. 221-226

EDUCATION, OUTREACH AND HISTORICAL STUDIES
Education and Outreach
Faculty and staff: M.Budinich, M.Giorgi, A.Gregorio, L.Lanceri, E.Milotti and staff from other Physics Departments 

Collaborators: A.Borgnolo and M.Vascotto
Research grants: INFN and MIUR (Progetto Lauree Scientifiche)
Web site: http://www.laureescientifiche.units.it/

The diffusion of scientific culture in this initiative is especially addressed to secondary school students to widen their views and to stimulate their interest in science and in particular in Physics. These objectives are pursued supporting the direct participation of students and their teachers in several proposed scientific activities, with guidance and advice by University faculty and staff. In particular in 2006 the list of proposed activities included:
- direct measurement of  the activity of  the radioactive gas Radon (222 Rn) in student's houses;
- solving computational Physics problems by programming a computer;
- setting up and running of a simple cosmic ray observatory at school;
- accompanied visits to INFN's National Laboratories of Frascati (Rome);
- participation to the project of the AtmoCube nano-satellite.

More than 500 secondary school students participated in these activities in 2006. They reported their results at a dedicated mini-conference held at the University of Trieste, directly experiencing the entire cycle of scientific work, from the planning and setting-up of experiments, to data taking, data analysis, and final reporting under peers’ scrutiny. The initiative was clearly successful and is being further developed.
Historical Studies 

Faculty: M.Giorgi

A debate between rationalism and empiricism on the role of mathematics in the construction of physics. An investigation of the development of scientific thought shows that focal points in scientific progress are characterized by a debate between rationalism and empiricism. According to a detailed exam of how the two positions contributed to present concepts in modern physics, an intermediate attitude appears, in which empiricism moderates its radicalism and rationalism accepts a form of compromise, taking advantage of the results of finalized experiments. The fundamental starting point, in order to build up a natural science, is, according to a platonian point of view, the fact that mathematics is the most efficient tool, which endows science with extraordinary descriptive and predictive power. The role of this assumption is investigated in the recurring debate between rationalism and empiricism. This historical analysis is performed in collaboration with philosopher colleagues, and has been the subject of several communications at international conferences and of several Physics degree dissertations.
Publications in 2006

A.Borgnolo, M. Budinich and M. Vascotto:

Laboratorio a Scuola (in Italian), in: Frascati Physics Series - Italian Collection, Collana: Scienza Aperta Vol. I (2006) - ComunicareFisica2005, Atti I Convegno "Comunicare Fisica e altre Scienze", Frascati 24-27 Ottobre 2005, p. 441-446.
SEMINARS AND WORKSHOPS IN 2006

Peter Krizan

J. Stefan Institute, Ljubljana, Slovenia

Belle: recent results and future plans for KEK-B

29/03/2006

Francesco Longo (organizer)

Dipartimento di Fisica, Università degli Studi di Trieste

Workshop on the analysis of Gamma Ray Burst data with SWIFT

24/03/2006

Renata Longo and Edoardo Milotti (organizers)

Dipartimento di Fisica, Università degli Studi di Trieste

Workshop on Applications of Physics to Medicine and Biology

20/04/2006
Roberto Tenchini

INFN, Pisa

The frontier of particle physics: LHC

02/05/2006

Guido Barbiellini

Dipartimento di Fisica, Università degli Studi di Trieste

What are Gamma Ray Bursts ?

10/05/2006

Peter Elmer

Department of Physics, Princeton University

LHC and computing: a challenge

15/05/2006

Marco Paganoni

Dipartimento di Fisica “G.Occhialini”, Università degli Studi di Milano - Bicocca

CMS, an innovative detector for LHC

17/05/2006
Tommaso Boccali

Scuola Normale superiore, Pisa

The first-year physics at LHC

23/05/2006
Roy Glauber

Department of Physics, Harvard University

One Hundred Years of Light Quanta

24/05/2006
Marina Borisova

??

Sudden Freeze-Out vs. Continuous Emission: Duality in Hydro-Kinetic Approach to A+A Collisions 

06/06/2006
Roman Lee

??

Polarizabilities of the compound systems

08/06/2006
Dmitar Bakalov

??

Physics of muonic atoms and molecules

19/06/2006
Pier Enrico Zani

Poseico S.p.A.

History and trends of photovoltaic energy

21/06/2006
Francesco Longo

Dipartimento di Fisica, Università degli Studi di Trieste

The MAGIC experiment

26/05/2006

Giuseppe Della Ricca (organizer)

Dipartimento di Fisica, Università degli Studi di Trieste

Meeting of the CMS-ECAL collaboration
13-14/07/2006

Alexei Prokudin

INFN, Torino

Semi-Inclusive Deep Inelastic Scattering: Cahn, Collins and Sivers Effects
18/07/2006
Giovanni Cantatore (organizer)

Dipartimento di Fisica, Università degli Studi di Trieste

“PVLAS Day” workshop
03/10/2006
Luigi Rolandi

CERN

The CMS detector at the Large Hadron Collider
09/10/2006

Fulvia Pilat

Brookhaven National Laboratory

The quest for higher luminosity and new physics at RHIC

24/10/2006
Aram Kotzinian

INFN, Torino 

Transverse Spin Azimuthal Asymmetries in SIDIS
23/11/2006

Lorenzo Amati

INAF, Bologna 

Gamma Ray Bursts from astrophysics to cosmology
07/12/2006
1st LEVEL DEGREES IN 2006

Nome COGNOME , Titolo, xx/xx/2006

Rel. xxx

Nome COGNOME , Titolo, xx/xx/2006

Rel. xxx

2nd LEVEL DEGREES IN 2006

Elisabetta BISSALDI, Studio dei gamma-ray burst ad alto redshift con glast, 20/07/2006

Rel. Barbiellini Amidei Guido

Giovanna JERSE, Stima preliminare dei livelli di energia immessi nella magnetosfera ed atmosfera terrestri in diverse epoche da sorgenti di space weather, 29/11/2006
Rel. GREGORIO Anna, Correl. MESSEROTTI Mauro
Francesco RAMBALDINI, L'Aristotelismo nella fisica moderna e contemporanea, 24/03/2006, 

Rel. GIORGI Marcello
Pierluigi TOTARO, Realizzazione di un rivelatore-dosimetro realtime multicanale per neutroni e fotoni in applicazioni di radioterapia neutronica e dosimetria spaziale, 26/10/2006, 

Rel. GIANNINI Gianrossano
Roberto SCHIABEL, Realizzazione e primi test di funzionamento di un sistema STM raffreddato all'elio liquido, 21/12/2006
Rel. COMELLI Giovanni

Andrea VEGLIO, Dinamica del non equilibrio in un modello di ising asimmetrico a temperatura zero, 26/04/2006,

Rel. MARSILI Matteo
Alberto SIMONCIG, Studio dell'ottica dell'esperimento PVLAS con l'utilizzo di metodi di calcolo simbolico, 27/10/2006
Rel. MILOTTI Edoardo
Cristina SAMBO, Crescita e caratterizzazione di punti quantici di In(As,N) in Ga(As,N), 21/12/2006
Rel. MODESTI Silvio, Correl. FRANCIOSI Alfonso
Matteo MONTAGNESE, Proprietà elastiche e termodinamiche di nanostrutture periodiche studiate con tecniche ottiche risolte in tempo, 28/09/2006

Rel. PARMIGIANI Fulvio, Correl. GIANNETTI Claudio
Enrico GOLFETTO, Membrane di palladio nanostrutturate per la purificazione dell'idrogeno, 29/05/2006
Rel. ROSEI Renzo, Correl. BUSINARO Luca
PhD THESES IN 2006

Pietro CHIMENTI, Measurements of pion production for a neutrino factory and R&D muon cooling, 29 marzo 2006
Rel. Gianrossano Giannini
Referee P.F. Loverre  
 
Mauro FABRIZIOLI, Relevant magnetic properties of low dimensional systems: an XMCD investigation of the magnetism at the interface Fe/GaAs(001) by means of a new magnetic method for the probing of magnetic configuration in submicrometric patterns, 31 marzo 2006
Rel. Enzo di Fabrizio (TASC-INFM) - Alberto Morgante
Referee: P. Milani
 
Giorgio MORI, Proprietà chimiche e di trasporto di nanostrutture fabbricate tramite nanolitografia ad ossidazione anodica localizzata, 31 marzo 2006
Rel. Lucia Sorba (TASC-INFM) - Alfonso Franciosi
Referee: P. Facci
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HOW TO REACH US
The town of Trieste is in the far north-east of Italy, near the border with Slovenia. Trieste can be reached by plane, train or road.

Arrival by car


- From Venice take the A4 motorway and exit at the Trieste – Lisert junction (toll gate), continue along the feeder road until you arrive to the “H-shape” crossing just after the Padriciano – Research Area exit. Turn right and right. At the next stop (after about 2 km) you have to follow the indication city centre. In about 5 minutes you reach the main buildings of the University with the Physics Department on the right.
 

- From Udine and Austria take the A23 motorway until Palmanova, continue along the A4 motorway and exit at the Trieste – Lisert junction (toll gate), continuing along the feeder road until you arrive to the “H-shape” crossing just after the Padriciano – Research Area exit. Turn right and right. At the next stop (after about 2 km) you have to follow the indication city centre. In about 5 minutes you reach the main buildings of the University with the Physics Department on the right.
 

From Ljubljana (Slovenia) after the international Fernetti pass, take the motorway feeder road in the direction of Trieste until you arrive to the “H-shape” crossing just after the Padriciano – Research Area exit. Turn right and right. At the next stop (after about 2 km) you have to follow the indication city centre. In about 5 minutes you reach the main buildings of the University with the Physics Department on the right.
Arrival by train and public transport

If you like to come with the public transport from the Trieste rail-station, take one of the Buses 39, 51 or 17/ and get off at the stop in front of the Physics Department (after about 20 minutes) which is just after the curve on the main entrance (its location is marked with an X on the map).
For the time table look at http://www.triestetrasporti.it/ttspa/cms/002/html/index.php
Arrival by plane
- From Ronchi dei Legionari Airport - Trieste (40 km)
- From Tessera airport - Venice (135 km)
- From Brnik airport - Ljubljana (100 km)

The Public Transport company APT operates bus and coach services linking the Ronchi dei Legionari Airport with the TRIESTE Rail station-Coach 51. Updated schedules and fares are available on the internet site www.aptgorizia.it
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