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Research activities

The main research activities of the Astrophysics group at University of Ferrara are

summarized in the following scheme- The include:

® Experimental activities for the development of technologies for future high-

enerqy missions

® Observational and theoretical studies of high-energy phenomena, such as

compact objects in binary systems and Gamma-ray Bursts (GRBs)

® Observational activities in extra-galactic astronomy and Cosmology
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Observational activities Sawant Delgado:

ICRANet Participants

* Filippo Frontera
o Piero Rosati
o Lev Titarchuk

e Gabriel Bartosch Caminha (CAPES-ICRANet postdoc)

Ongoing collaborations

* From IASF/BO:
Lorenzo Amati, Mauro Orlandini, Ezio Caroli, John Stephen, Claudio Labanti

Recent sabbatical visits

® Maurice P-H- M Van Putten (Sejong University, Seoul, South Corea)

o Shri Kulkarni (Caltech, USA)



Students

e Simone Dichiara (PhD)
® Tais Maiolino (PhD)
e Dijsha Sawant (PhD)
e Camilo Delgado (PhD)

® CErica Cavallari (Master), Sabrina Porini (Undergrad)

Summary of past and current research activities

The HEA Group has been operating for many years in the rich academic environment of
historic University of Ferrara, with excellent results in experimental, observational and
theoretical astrophysics.

Among the experimental activities, we mention the PI-ship by one of the key persons of
the Group, Prof. Filippo Frontera, of the High Energy Instrument PDS (Phoswich
Detection System) and the GRBM (Gamma Ray Burst Monitor), both aboard the
BeppoSAX Italian Satellite with Dutch participation. GRBM had a crucial role in the
discovery of the Gamma Ray Burst (GRB) afterglow and thus of their extragalactic origin,
a mystery lasted about 30 years. For the PI-ship of the BeppoSAX Gamma Ray Burst
Monitor that had a crucial role for the 1997 discovery of the X-ray afterglow with
BeppoSAX and the consequent solution of the mystery lasted about 30 years about the
origin of GRBs, Filippo Frontera is a) among the winners of the Bruno Rossi Prize 1998 of
the American Astronomical Society; b) among the winners of the Descartes Prize 2002 for
Science of the European Committee; c) has received the Enrico Fermi Prize 2010 of the
Italian Physical Society; d) has received the Marcel Grossmann Award 2012. In addition,
the Group had the Col-ship of the JEM-X mask telescope aboard the ESA gamma-ray
mission INTEGRAL, still in orbit. The ground calibration of this telescope was performed
at the LARIX facility of HEA Group at UNIFE. Over the last decade, after the conclusion of
the BeppoSAX mission, the HEA Group has concentrated great experimental efforts in the
development of Laue lenses, with the involvement, in addition to HEA scientists, of PhD
students of the IRAP-PhD doctorate program. The Laue lens development for focusing
high energy X-rays (60-600 keV) is an ambitious project for Space Astrophysics, with
possible applications even in Medical Physics (e.g., radiotherapy). The first prototypes of
Laue lenses, with 6 m focal lengths, have already been developed, while a lens petal
prototype, with 20 m focal length, is being assembled. The lens assembling technique is
being patented.




X-ray facilities

For the Laue Lens development project and for calibration of hard X-ray detectors, two
hard X-ray facilities have been developed, one 12 m long and a large gamma-ray facility,
50 m long (extendable up to 100 m). The first one is mainly used for assembling short focal
length lenses and for performing crystal reflectivity tests and detector calibration, The
second one is mainly used for assembling long focal length Laue lenses for astrophysical
applications. The large facility has been proposed as European transnational facility.

Studies of new missions

Studies of new missions are a significant part of the experimental activity. In the past, the
HEA Group has participated to the study of several astrophysical missions proposed to
ESA or other agencies, like GRI (Gamma Ray Imager mission) devoted to broad band X-
/soft gamma-ray studies, proposed as M2 to ESA, DUAL devoted to gamma-ray surveys
and observations of Supernova explosions proposed as M3 to ESA; LOFT devoted to
temporal studies, proposed as M3 to ESA; Wide Field X-ray Telescope (WFXT) designed
for efficient wide area soft X-ray surveys, MI- RAX of the Brazilian Space Agency devoted
to GRBs, proposed as mission of opportunity to ASI (Italian Space Agency); HXMT (Hard
X-ray Modulation Telescope) mission of the Chinese Space Agency, devoted to hard X-ray
survey and hard X-ray spectral studies of peculiar celestial objects, proposed as mission of
opportunity to ASI. The latter includes an on-going collaboration for the calibration of the
High Energy Telescope detection plane. Currently it is involved in the preparation of a
mission proposal to be submitted to ESA as Medium Size Mission M4. The mission
proposal, THESEUS, is devoted to un unprecedented deep study of transient soft X-ray
sky and to a deep survey of high z GRBs. Participants to the proposal include many
Institutions from Europe (University of Leicester, CEA Saclay France, INAF Italy,
University of Valencia Spain, University of Ljubljana Slovenia, Czech Technical University
in Prague) and USA (NASA /MSFC, Huntsville).

Observational and theoretical activities in the field of high-energy astrophysics

They involve data analysis and related interpretation of X-/gamma-ray observations of
celestial objects, in particular compact sources (White Dwarfs, Neutron Stars and Black
holes) in binary systems, GRBs, Active Galactic Nuclei and Galaxy Clusters. Data are
obtained from Public Data Archives and from approved Guest Observer programs from
the missions INTEGRAL, XMM-Newton, and Chandra, in addition to BeppoSAX, In the
GRB field, observations of optical counterparts are also carried out with a number of
ground-based telescopes. Several students have prepared their Master and /or PhD thesis
with the HEA Group on these subjects. Theoretical activities are mainly led by one of the
senior professors of the Group, Lev Titarchuk, well known in the international
community. They focus on the development of spectral models of emission from Galactic
Black Holes (GBH) and low magnetic field Neutron Stars (NS) in binary systems. Recently,
a spectral emission model of GRBs has been proposed (Titarchuk et al. 2013) and
successfully tested (Frontera et al. 2013) with broad band data (2 keV - 2 MeV) obtained
with BeppoSAX WFCs and BATSE contemporaneous observations of GRBs. Several PhD
theses have been developed thanks to this activity.

Observational activities in the area of extra-galactic surveys and cosmology




A wide range of observational activities in the area of extra-galactic surveys and
cosmology is led by Prof. Piero Rosati, who has recently joint UNIFE as full professor,
after many years at the European Southern Observatory, extending and strengthening the
activities of the HEA group. Such activities build on a number of forefront multi-
wavelength observational studies carried out over the last 15 years on X-ray selected
surveys of distant galaxy clusters and active galactic nuclei with all major ground-based
and space observatories. These programs, led or co-led by Piero Rosati, which include the
ROSAT Deep Cluster Survey, the Chandra Deep Field South, the Great Observatory Deep
Survey (GOODS), have not only produced a large number of high-impact publications but
also trained a generation of young students in the field of cluster cosmology, distribution
of baryons and dark matter in the Universe, galaxy formation and evolution, accretion
history of supermassive black holes. Prof. Rosati has also brought to UNIFE the project
CLASH (Cluster Lensing and Supernova survey with Hubble), a recent systematic study
of 25 massive lensing clusters to study the dark matter distribution on kilo-mega-parsec
scales with unprecedented detail. Specifically, he is leading an on-going comprehensive
spectroscopic campaign with an ESO VLT Large Programme, which, in combination with
HST and Chandra data, will provide stringent tests of the currently favored LCDM
paradigm (Cold Dark Matter with cosmological constant) and shed light on the nature of
the dark matter (e.g. Sartoris et al. 2014). Such research activity on dark matter with
astrophysical probes will greatly benefit from the interdisciplinary environment at the
UNIFE Physics department, which is home to leading theoretical and experimental
scientists in the field of particle and astro-particle physics. In addition, the CLASH-VLT
project pursues the search for primordial galaxies and first star formation in the Universe,
using the magnification power of gravitational lensing which has recently al- lowed the
identification of young galaxies just 400 million years after the Bing Bang (e.g. Coe et al.
2013).
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