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1. SURVEYS AND OBSERVATIONAL COSMOLOGY
RADIO, OPTICAL and X-RAY SURVEYS

The Institute is involved in many survey projects in the franework of large international
collaborations. In particular the IRA has a long-standing tadition in radio surveys since
the pioneering works with the Northern Cross in the early sewties which produced the
B2 catalogs (Colla et al. 1970, A&AS, 1, 281; Colla et al. 1972&AS, 7, 1; Colla et al.
1973, A&AS, 11, 291; Fanti et al. 1974, A&AS, 18, 147) with alost 10,000 radio sources
detected at 408 MHz. Nowadays the radio survey activity is mialy focused on the acquisition
and analysis of deep radio elds, with the aim of studying thevolution of both star-forming
galaxies and Active Galactic Nuclei (AGN), through the mult-wavelength characterization of
the sub-mJy and microJy source populations, responsiblerfine attening of the normalized
source counts at 1.4 GHz. Figure 1 shows the normalized diemtial source counts at 1.4
Ghz derived from the existing radio surveys. The relevancé madio-selected samples resides
in their being free from dust-exctintion/gas-obscuratione ects. Here is a selection of the
survey projects (in the radio, optical and X-ray bands) invtving IRA sta:

1.1. ATESP 1.4 and 5 GHz Surveys

The ATESP 1.4 GHz survey, carried out with the Australia Telscope Compact Array
(ATCA), is a collection of deep radio mosaics covering a sgriof sky of 26 1 ded in the
Southern Hemisphere. The survey has produced a sample 000 radio sources complete
down to a ux limit of 0.4 mJy. A sub-region of 3 degghas been targeted for deep optical
spectroscopy in order to study the composition of the sub-rgJpopulation. A sub-region
of 2 0.5 ded of the sky region covered by the ATESP 1.4 GHz survey has beandged at
5 GHz with the ATCA and followed-up with multi-color (UBVRIJ K) deep optical imaging
in the framework of the ESO Deep Public Survey (DPS). Such a riuwavelength analy-
sis is mainly aimed at studying the physical and evolutiongr properties of sub-mJy radio
sources, particularly with respect to the AGN component, wich dominates at the ux den-
sities probed by the ATESP surveys. For details and main reta: Prandoni et al. 2000a,
A&AS, 146, 31; Prandoni et al. 2000b, A&AS, 146, 41; Prandomt al. 2001a, A&A, 365,
392; Prandoni et al. 2001b, A&A, 369, 787; Prandoni et al. 260A&A, 457, 517; Mignano
et al. 2007, A&A, 462, 553.

In order to better assess the nature and evolutionary propges of the faint radio population,
with special regards to the AGN component, we are followingouat several radio wavelengths
and optical/NIR bands the region of 1 ded imaged at both 1.4 and 5 GHz as part of the
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ATESP. The radio/optical analysis of deep (R 25) multicolor (UBVRIJK) imaging of the
1 ded sample described above has revealed a class of at/inverteddio spectrum sources
associated to early-type galaxies, whose radio powers anges are not entirely consistent
with those of standard radio galaxy populations. Further ales will come from high radio
frequency folllow-up (5, 8 and 20 GHz), undertaken with the Astralia Telescope Compact
Array (ATCA), which we are currently being reduced. To comptment the obervational
work, evolutionary models are also developed that can besta@unt for both the radio
and the optical properties of the di erent components of thefaint radio population. For
preliminary results see Prandoni et al. 2004 (arXiv:astrgh/0407499). Such a work is also
aimed at providing reliable modeling for the sub-Jy sky which will be eventually probed by
SKA.

1.2. VIRMOS-VLT Deep Survey (VVDS)

The VIRMOS-VLT Deep Survey comprises: 1) an UBVRI photomeic survey over four 2 2
deg elds and J,K imaging over selected areas; 2) a spectroscopWide Survey in the four
elds to apparent magnitude I,z =22.5, aiming at the study of Large Scale Structure up
to z 1 by measuring 100,000 redshifts; 3) a spectroscopic Deep Survey i@ 1=24 over a
selected area, to study galaxy/AGN evolution up to z 5 by measuring 50,000 redshifts; 4)
an Ultra Deep survey of 1,000 galaxy redshifts at \g =24.75. The spectroscopic sample
currently lists 35,000 redshifts in the Wide and 12,000 redshifts in the Deep Survey. In the
Deep survey region VLA radio data and XMM X-ray data have beeacquired. Main results
obtained so far include: a) the presence of a signi cant pofation of distant (1.5 z 5)
galaxies 1.6 to 6.2 times larger than previous estimates (lEevre et al. 2005, Nature 437,
519); b) evolution of the rest-frame B-band luminosity funton with the type local density
(llbert et al. 2006, A&A, 453, 809); c) results on the redshifand luminosity evolution of
the galaxy colour-density relation (Cucciati et al. 2006, &A, 458, 39); e) derivation of the
evolution of galaxy clustering with galaxy type and luminogy (Meneux et al. 2006, A&A,
452, 387; Pollo et al. 2006, A&A, 451, 409).

A further study deals with the radio-optical properties of e mJy population in the VVDS

Wide survey. The large area and availability of spectroscapand photometric data make
the VVDS an ideal set for the study of the properties of largaint radio galaxy samples.
The VVDS Wide and the NRAO FIRST Surveys have been used to bdila sample of radio
galaxies in the mJy regime. This sample is complementary dotn radio and optical to the

deeper VLA-VVDS sample (see below). These two datasets allos to analyze and compare
the nature and the properties of the mJy and sub-mJy populabins in a consistent manner.
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1.3. VLA-VVDS Survey

The VVDS deep eld has been observed at 1.4 GHz (VLA) and 0.61HKz (GMRT) with
matched resolution (6 arcsec). Main results include: radisource counts at 1.4 GHz and
0.61 GHz, optical identi cation of the microJy radio sourcs, radio spectral index of the
sub-mJy radio sources with evidence of di erent populatiohwith atter or steeper spectra
at various ux density levels being present. Figure 2 showsraontage of various examples of
radio and optical morphologies. Radio contours at 1.4 GHz arsuperimposed on the optical
image. Spiral galaxies, ellpticals, interacting galaxiesnd peculiar objects are shown in this
example. Details can be found in Bondi et al. 2003, A&A, 403,58; Ciliegi et al. 2005,
A&A, 441, 879; Bondi et al. 2007, A&A, 463, 519.

1.4. VLA-COSMOS

The VLA-COSMOS team (PI E. Schinnerer, MPIA-Heidelberg) isvorking on the analysis of
the radio observations of the 2 degCOSMOS eld. The analysis yielded a sample of about
3500 radio sources down to 60Jy/beam with a resolution of 1.5 arcsec. In particular, at tle
IRA we focussed on the extraction of the catalog of radio sates, the completeness issues
and the radio source counts.

1.5. B3 VLA Survey

The B3 VLA survey forms a sub-sample of the B3 catalog and ismoposed of 1049 sources
with ux densities about 30 times fainter than the 3C catalog Selected at a relatively low
frequency (408 MHz), this catalog contains the progenitorosirces of all classes of radio
sources. A long-term project, initiated in 1994, has greatlincreased the available infor-
mation at several spectral bands, in particular in the radicdomain where the frequency
baseline ranges from 74 MHz to 250 GHz, the widest known fregncy range for a survey
of this size. The B3 VLA survey with its unique frequency covage o ers a new approach
to characterise radio sources according to their spectrafj@ and to nd new, rare, objects.
Also the polarization information obtained at at least fourdi erent frequencies (1.4, 2.7,
4.8, 10.5 GHz) quali es this survey as one of the biggest aneé&t-sampled databases for the
study of rotation measures and depolarization. These measments were used to estimate
the contribution of polarized emission from extragalacticadio sources to the power spectra
of cosmic background polarization uctuations. See for datls: Mack et al. 2003, A&A,
435, 863; Klein et al. 2003, A&A, 406, 579; Mack et al. 2005, A& 435, 863.
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1.6. CMB Foreground Emission Surveys

The Cosmic Microwave Radiation (CMB) is the relic emissionfdhe Big Bang and is a pow-
erful tool to study the early Universe, how it formed and evekd. Unfortunately, the (CMB)
signal is weak and contaminated by other types of astrophysil emission (foreground), like
the Galactic di use emission and extragalactic point souss. The IRA leads three projects,
aimed at studying such foreground emission, namely: 1) PGM®arkes Galactic Meridian
Survey) and S-PASS (S-band Polarization All Sky Survey). The PGMS survey is a 590
deg strip along a southern Galactic meridian from the Galactic lane to the south Galactic
pole, aimed at exploring the behaviour of the polarized Gattic synchrotron emission with
the Galactic latitude. It is carried out with the Parkes radiotelescope (Australia) at 2.3 GHz
and can detect the signal even at high Galactic latitude to @racterize the Galactic signal
even in the best regions for CMB polarization observationsS-PASS will extend to the whole
southern sky and will enable pixel-based foreground septicam procedures even more e -
cient than the ones allowed by the PGMS. Beside CMB, the othenajor goal of these surveys
is to study the Galactic magnetism in both the halo and disc tftough synchrotron emission
and Rotation Measure measurements. 2) MGMS (Medicina Galéc Meridian Survey). The
MGMS surveys a 5 30 ded strip along a northern Galactic meridian from the Galactic
plane up to the disc edge. This is carried out with the Medicm radiotelescope at 5 GHz.
3) Deep survey of the BOOMERanG region at 43 GHz. It is a deep 43Hz polarization
survey, carried out with the ATCA telescope, of extragaladt point sources in the 10 10
deg area observed with the BOOMERanG 2003 experiments. Its ma@m is to study the
extragalactic sources as foreground to the CMB polarizatioin one of the candidate elds
of CMB experiments. The observing frequency is already in hCMB window, in order to
provide information with minimal frequency extrapolation

1.7. The North Ecliptic Pole Survey

The North Ecliptic Pole survey is an International project @rried out at X-ray wavelengths
using data from the Rosat All Sky Survey (RASS). The whole team involves both European
and American scientists (PI: J. P. Henry, IfA, University ofHawai'i). The survey has been
completed in the early 2000's but several research projedtsat use sub-samples of sources
extracted from the survey are still ongoing. Here we preseatbrief description of the survey
and of the main results obtained.

The sky around the North Ecliptic Pole (NEP) at R.A. = 18" 00" 0C° and DEC = +66 3339°
has the deepest exposure of the entire RASS and is an undigtimshed region at moderate
Galactic latitude (b = 29.8 ) (see Figure 3 for an X-ray map of the RASS NEP region). It
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is hence suitable for the compilation of statistcal samplesf both Galactic and extragalactic
objects. Such a compilation was made in the 80.6 degurrounding the NEP, and yields the
deepest large solid angle contiguous sample of X-ray sowte date. 442 unique sources are
found above a ux limit 2 10 *ergcm? s !in the 0.5 2.0 keV band. The optical
identi cation procedure is described with some detail in Giia et al. 2003, ApJS, 149, 29.
Ninety-nine per cent of the sources have been identi ed anckdshifts for the extragalactic
objects have been measured using mostly the optical telepes on top Mauna Kea in Hawaii.
One of the results of the NEP project is the con rmation of thénegative" evolution of X-ray
selected galaxy clusters (Gioia et al. 2001, ApJL, 553, L10%st seen in the EMSS survey
and more recently by other independent complete samples dlgxy clusters (Mullis et al.
2004, ApJ, 607, 175). The X-ray data including positions, wes, spectral information in the
form of hardness ratios, and angular sizes are described ierily et al. 2006, ApJS, 162, 30.

Involved IRA Scientists and Collaborators:M. Bondi, E. Carretti, I. M. Gioia, K.-H. Mack,
P. Parma, I. Prandoni, G. Vettolani, M. Vigotti, A. Zanichel li, L. Gregorini, A. Mignano,
S. Poppi.
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2. EXTRAGALACTIC RADIO SOURCES AND THEIR EVOLUTION

The physics of extragalactic radio sources is one of the maglds of research at the IRA.
The ultimate goal is to understand the origin of the radio enssion and the cosmological
evolution of radio sources.

2.1. Ageing of Radio Galaxies and Relic Radio Galaxies

One of the open questions in this eld is the age of individuaources which must be deter-
mined via the theory of synchrotron radiation. Taking into a&count the di erent processes
of energy losses su ered by the relativistic electrons, weu interpret the radio spectra and
assign a radiative age to the source. In particular the curtiare of the radio spectrum can
be directly connected to the age of the radio emitting eleans. This kind of study re-
quires observational data at as many radio frequencies asssile. If the angular resolution
and sensitivity of the observations are of su cient quality one may even determine ages in
di erent parts of a radio source.

An example is the detailed study of NGC 326, which is an X-shag radio source with twin
jets ending in two extended radio tails. The curvature of theadio spectrum increases going
from the inner parts near the radio core to the ends of the tal This corresponds to a
gradual increase of the age of the electrons as one goes outiawith the material further
out being ejected at an earlier time. An image of the source drits radio spectra measured
in di erent parts along the radio source are shown in Figure .4From the spectra it should
be possible to recognize sources in which the activity haslteml, and no more fresh electrons
are produced. Indeed a small number of such \dying" sources known with ages higher on
average than those of normal active sources. Dying sourcesvé very steep radio spectra
and show no features typical of activity (hot spots, radio a@ and jet). They are more easily
detected at low frequency where energy losses are even legsortant. The relative numbers
of active and dying sources, which should be compatible withe durations predicted by the
theory of synchrotron radiation, are di cult to determine d ue to various observational limits
like for instance di erent ux limits at di erent frequenci es or angular size distributions of
the sources. This is the most likely reason why too few dyingurces have been found up
to now. Future research projects include the constructionfavell-de ned samples of radio
sources with steep spectra, based on the WENSS and NVSS sysyavhich will serve as a
starting point of a new search for dying sources. Results amtails in: Parma et al. 2007,
A&A, 470, 875; Jamrozy et al. 2004, A&A, 427, 79.
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2.2. Giant Radio Sources

Multiple frequency observations are used to study the syngbiron spectra and radiative
ages of relativistic particles in the lobes of giant radio daxies (see Figure 5). Giant Radio
Galaxies (GRGs, linear dimensions 1 Mpc) represent a later evolutionary stage. Because
of their huge angular size, these extreme objects represgmiwerful tools to study physical
processes in radio galaxies in general. Also their large emts, well beyond the limits of
their host galaxies, probe certain characteristics of thentergalactic Medium (IGM), like for
instance its particle density. The spectral age analysis tie GRGs and the determination of
properties of the IGM in which they are embedded have showndhboth their old age and
the low patrticle densities in the ambient medium (2 to 3 orderof magnitude below those in
galaxy clusters) are needed for a radio galaxy to become a GR& ongoing project intends
to nd new, more distant, GRGs. Using the unique property of hese objects to probe the
density of the IGM, a sample of sources at higher redshift caast theoretical predictions on
the evolution of the IGM. Details and results in: Jamrozy et B 2005, A&A, 433, 467; Lara
et al. 2004, A&A, 421, 899; Sohn et al. 2003, A&A, 404, 133.

2.3. Radio Sources with Recurrent Activity

Radio galaxies with recurrent activity combine some of theharacteristics of very extended
radio galaxies with those of young, more compact objects. €most prominent members of
this class of sources are the so-called Double-Double Ra@alaxies (DDRGSs). Similar to
the relic galaxies only very few objects of this kind are knaw Several programs are on their
way to increase the number of known sources using the largei@surveys (WENSS, NVSS,
FIRST). The possible reasons for recurrent activity have le® put into focus, in particular
the problem of fueling the newly active nucleus. There are\s&al projects to search for
the tracers of fuel, both in molecular and atomic form. A seah for CO emission in a
representative sample of recurrent sources with the IRAM B@telescope at Pico Veleta has
revealed no signi cantly higher detection rate than that fo extended, non-recurrent radio
galaxies. Details and results in: Lara et al. 2002, NewAstd6, 89; Jamrozy et al. 2007,
MNRAS, 378, 581; Marecki et al. 2006, A&A, 448, 479; Saripa Mack 2007, MNRAS,
376, 1385.
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2.4. Hot Spots in Radio Galaxies

Hot spots de ne the impact of the radio jets on the ambient medm in which the radio
galaxy is embedded. Optical counterparts of these shock fts are found very rarely. We
had a success rate of 70% of the sample by observing nine hobtspwith ISAAC and
FORS at the VLT. This study has shown the necessity of partiel acceleration in situ,
and also the presence of re-acceleration which can create tbxtended emission seen in
the optical. The results indicate that the shapes of the syheotron spectra in hot spots
are predominantly determined by the strength of the local ngnetic elds. In particular,
the break frequency which corresponds to the age of the oltletectrons in the hot spots,
increases with decreasing synchrotron power and magnetield strength. We are currently
carrying out follow-up observations of the most prominent @unterparts with integral eld
spectroscopy (VIMOS), high-resolution optical imaging (I8T-ACS) and other multi-band
observations (VLA, Spitzer). Details and results in: Brunti et al. 2003, MNRAS, 345, L40;
Mack, Prieto & Brunetti 2003, NewAR, 47, 659; Prieto, Bruneti & Mack 2002, Science, 298,
193.

2.5. High-Redshift Quasars

The small statistics of Quasi-Stellar Objects (QSOs) at higredshift (z > 4) can set limits
on the models of formation and evolution of galaxies and threlocal black holes. Using a
statistically complete sample of 13 QSOs with 2 4 the spatial density of high-luminosity
high-z QSOs (i.e. those which host the most massive black Bs) was determined. One of
the most important results for cosmological applicationssithe slower decline of space density
for luminous QSOs with respect to less massive and less digtéz > 2) objects.

We started a multi-frequency observational programme on dio-loud broad-absorption line
(BAL) QSOs, which discovered the most luminous radio BAL QSQxnown so far at z =
3.377. In addition this source possesses the second highresation measure ever observed
(19000 rad/sgm). Ongoing observations from low radio fregmncies to the optical domain are
being performed to check whether these extreme propertiesncbe found also in a complete
sample of radio-loud BAL QSOs. Results and details in: Carba et al. 2006, MNRAS, 370,
1034; Benn et al. 2005, MNRAS, 360, 1455; Vigotti et al. 2008pJ, 591, 43.



2 EXTRAGALACTIC RADIO SOURCES AND THEIR EVOLUTION 12

2.6. Millimeter Studies of Low Luminosity Radio Galaxies

The fuelling of relativistic jets in radio-loud active galatic nuclei is still not understood. It
is clear that energy is released in the vicinity of a supermsise black hole, but whether the
mechanism is direct electromagnetic extraction of rotatimal kinetic energy or more closely
related to the process of accretion remains a matter of deleatThe detection of large masses
of molecular gas in the core of radio galaxies suggests thasgccretion may indeed power the
radio jets. However many questions remain open, like for it@ce how is the gas transported
into the nuclear region, and what determines the luminositpf the AGN. We are interested
in \stable" FRI, twin-jet radio sources rather than obvious products of recent mergers. In
order to increase the number of FRI radio galaxies with CO obsvations and so to improve
our knowledge of their molecular gas properties, we are siidg a volume-limited sample of
23 nearby (x 0.03) low luminosity radio galaxies, selected from the B2 tadogue. We notice
that for 16 of such objects HST imaging is available. We usedhé¢ IRAM 30m telescope to
search for emission in the CO(1-0) and CO(2-1) transition:1i9 B2 radio galaxies of the
z<0.03 volume-limited sample. First results are presented frandoni et al. 2007, NewAR,
51, 43.

2.7. The HST View of Radio Galaxies

Active Galactic Nuclei are objects where very high luminoses are produced in a very
small volume through physical processes which cannot be alsed to stellar nuclear fusion.
According to the most accepted scenario, the ultimate sowraf AGN luminosity resides in
the gravitational potential of gas in the vicinity of a supemassive black hole which loses
angular momentum through viscous or turbulent processes @meleases energy radiatively.
AGN are classi ed on the basis of their di erent characteriscs, most importantly their
radio-loudness. The main research line concerns the studf/tbe nuclear regions of radio
galaxies, with a large use of HST observations, in the framevk of the radio-loud AGN
uni cation model. Using HST data we have identi ed, for the st time, the nuclear optical
emission associated with the AGN both in Fanaro -Riley | andll (FRI-FRII) galaxies. We
have recently shown that a comparative study of the properis of the inner regions of the
beamed and unbeamed populations provides fundamental infeation about their physical
structure (i.e. the properties of accretion around the ceral black hole and the structure
of relativistic jets). The picture which emerges from our stdies is that radio-loud sources
appear in two di erent ?lavors ®which are not directly related to their radio morphology
(see for details and results: Chiaberge et al. 1999, A&A, 3497; Chiaberge et al. 2002,
ApJ, 571, 247; Chiaberge et al. 2002, A&A, 394, 791). The dsn is instead based on
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the properties of the accretion process onto the central ldla hole. There is a population
of radiatively e cient, high accretion rate quasar-type ohjects (most, if not all, of them
showing FRII radio morphology) and a population of unobsced %$tarved quasar$°that
di er in many crucial aspects from other AGN. The latter clas includes most of FRI and a
subclass of FRII. Such a scenario has important implicati@enfor the uni cation model and
for a better knowledge of the physical processes at work ingmuclei of these objects. To
further test this scenario, HST data in the infrared (IR) hae been recently acquired. The
properties of the host galaxies are also investigated. Amgmther results, it was found that
the isophotal propoerties of FRI and FRII galaxy hosts at lowedshift are indistinguishible.

2.8. Searching for Radiatively Ine cient Accretion Disks i n Low Luminosity
AGN

We have identi ed a class of Low Luminosity AGNs (LLAGN) in which it is possible, in

principle, to detect emission from low radiative e ciency acretion disks and directly test
the models (see for details Chiaberge et al. 2005, ApJ, 625.6]. We found a specic
object (NGC4565) for which the nuclear spectral energy disbution is unusual, lacking

the signature of standard accretion onto black hole, i.e. &big blue bump and the IR
(dust-reprocessed) bump. NGC4565 is the rst object for whih IR-optical-UV observations

directly show such a behavior. We are currently deriving thepectral energy distributions
of a small sample of LLAGN, and we nd that their SED is not compatible with radiatively

e cient accretion, as expected in the framework of the propsed scenario. For results and
details see: Chiaberge et al. 2006, ApJ, 651, 728.

Involved IRA Scientists and Collaborators:M. Bondi, G. Brunetti, M. Chiaberge, L. Feretti,
K.-H. Mack, P. Parma, I. Prandoni, C. Stanghellini, M. Vigotti, T. Venturi, D. Dallacasa,
R. Fanti, G. Giovannini, F. Govoni, L. Gregorini, F. Montenegro Montes, M. Murgia, G.
Setti, S. Varano.



3 CLUSTERS OF GALAXIES: THERMAL AND NON-THERMAL PHENOMENA 14

3. CLUSTERS OF GALAXIES: THERMAL AND NON-THERMAL
PHENOMENA

The IRA scientists involved in this research study the physal conditions in the Intra-
Cluster Medium (ICM) focussing on the interaction betweentie thermal and non-thermal
components and on their evolution with cosmic epochs. Seaérstudies on clusters and
cluster galaxies are not con ned to the radio domain but theyuse a multiband approach
which includes the X-ray and optical regimes since in each e a di erent component of
these large systems is dominant. For a general approach semefti, Gioia & Giovannini
2002:"Merging Processes in Galaxy Clusters® Kluwer Academic Publishers.

3.1. Halos and Relics

Clusters of galaxies represent the largest collapsed sttues in the Universe and provide a
powerful probe of the evolution of structure formation. Thg form through energetic merging
of substructures (with energy release of order ¥0erg s ) and accretion of matter. Clusters
of galaxies host manifold components, such as individual lgaies, hot intracluster gas and
invisible dark matter. In a fraction of clusters, in addition to the X-ray emitting thermal
plasma, there are also relativistic electrons and largeade magnetic elds (commonly referred
to as \non-thermal components") as demonstrated by the dettion of large-scale synchrotron
radio sources: halos and relics. The IRA has been a leader &mveral years now in the
study of the properties of halos and relics in the radio domaiand in the comparison with
the X-ray emission. Main results include the radio-X-ray awelations and the relation to
the cluster under the hypothesis that these phenomena areufad in clusters which have
recently undergone a merger event. The hypothesis that radrelics are connected to cluster
shocks which form during mergers is being tested through ge&-ray observations of cluster
peripheral regions (e.g. Coma cluster, Feretti & Neumann P8, A&A, 450, L21). Research
in this area includes: a) studies to understand the di use ah extended radio emission at
the center, or periphery, of the clusters by combining radiaith X-ray and data at other
wavelengths; b) building of theoretical models; c) analyseperformed using the X-ray band
where the thermal hot gas radiates.

3.2. Observational Study of the Properties of Radio Halos

Spectral index maps of radio halos are a powerful tool to instgate the connection between
thermal and non-thermal components and to understand the min of the radio emitting
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particles. This type of investigation began at IRA a few yea ago and has produced a major
advancement in our knowledge of the properties of these soes. Radio observations at 327
MHz of the radio halos in A665, A2163, A2219 and A2744, comlea with images at 1.4
GHz, have allowed us to derive the radio spectral index whids an important indicator of
the energy of the radio emitting particles. It is also an indiator of the processes of energy
losses and re-accelerations of such particles. The resufsthis project com rm that radio
halos and merging events are related. In addition the hottesegions of the cluster are
associated with regions of atter spectral index. Details @d results in: Feretti et al. 2004,
A&A. 423. 111; Oru et al. 2007, A&A, 467, 943.

A second observational project involves the use of the Gialetrewave Radio Telescope
(GMRT, India) to obtain data on a complete sample of 50 masse&vand X-ray luminous
clusters. This project is designed to obtain information othe fraction of galaxy clusters with
radio halos. Clusters with no radio information were obseed at 610 MHz at high sensitivity
to look for extended emission. To fully test the cluster mergg paradigm and provide an
accurate number for the fraction of merging clusters hostina radio halo, for each cluster
in the sample, X-ray archives and optical databases are undmspection. The data will
allow us to obtain information on the dynamical state from tle gas density distribution and
from the velocity distribution of the cluster galaxies. Theresults of this large observational
project are still preliminary, and only partly published. The fraction of radio halos found so
far is of order 25% (see Figure 6), in reasonable agreementhneéxpectations. The work led
to the detection of a number of radio relics and other intriging di use sources, which are
at present the subject of follow-up GMRT observations at 32MHz and 235 MHz, in order
to study their spectral index distribution. Details and prdiminary results in: Venturi et al.
2007, A&A, 463, 937; Giacintucci et al. 2006, NewA, 11, 437.

3.3. The Analysis of Magnetic Fields in Clusters

The intensity of magnetic elds in clusters can be derived &m the di use radio emission but
also from the analysis of the polarization properties of theadio sources embedded in the
cluster. This is based on the fact that when the emitted polazed radiation travels across the
magnetized ICM it becomes depolarized and changes the ratat of the polarization vector
as a function of the observation wavelength (Faraday rotadn). A program was undertaken to
perform a polarimetric study of some clusters with and withat radio halos and with di erent
temperatures. We have developed a numerical approach to énpret the observational data
under the hypothesis that the magnetic eld has an intensitythat decreases radially, and
that its structure presents di erent coherent scales. Amog the clusters studied so far there
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is the cluster A 2255 which is the only cluster where polaridelaments have been detected
within the radio halo. Details and results in: Govoni et al. B06, A&A, 460, 425.

3.4. The RLF of Distant X-ray Selected Cluster Radio Galaxie S

The VLA is an excellent instrument to survey X-ray extragal&atic objects and compare
the radio properties of X-ray selected objects, for instaecclusters of galaxies, with those
selected at other wavelengths. Recently a complete samplel® X-ray selected clusters of
galaxies chosen from among the most distant clusters (03z < 0.8) in the ROSAT North
Ecliptic Pole survey was observed with the Very Large Arraytal.4 GHz. The radio survey
revealed for the rst time evolution both in amplitude and sbpe of the Radio Luminosity
Function (RLF) of distant cluster galaxies with respect to bcal cluster samples (see Figure
7). An optical program necessary to derive and study the biveate luminosity function of
the sample is ongoing. Results of the VLA survey can be found:iBranchesi et al. 2006,
A&A, 446, 97.

3.5. The E ect of X-ray Point Sources on Cluster Scaling Rela tions

Thanks to the superb angular resolution o€handra, it is now possible to detect X-ray point
sources, either embedded in galaxy clusters or along the stler line-of-sight, thus allowing
the study of source counts in distant cluster elds. Branch& et al. 2007 (A&A, 462,
449) analyzed the inner regions of 18 clusters of galaxiesselved byChandrato check for
the presence of any overdensity of X-ray point sources emlged in the di use gas emission.
These point sources are possible AGN (and sometimes powestiarburst galaxies) belonging
to the clusters and could contaminate the cluster emissios 2-sigma excess of cluster region
sources was found at the bright end of the logN-logS of clusteources. The result suggests
the possible existence of X-ray sources belonging to the stier (most probably AGN, given
their high luminosity) which might a ect considerably the estimates of X-ray observables like
cluster temperature and luminosity. The analysis has showhat the cluster temperature is
a ected by an amount of up to 13% and the luminosity by 18%. Thge percentages become
larger if one considers clusters with>20.7 where both temperature and luminosity increase
by up to 24%. Thus point sources should be removed for cosmgilal studies using clusters
of galaxies. However the inclusion of point sources does rsagni cantly impact the slope
and normalization of the the Ly -T relationship since for each cluster the correction to be
applied to T and Lx produces a moderate shift in the L{T plane almost parallel tahe
best- t of the \correct" L x {T relation.
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A second study consists in excluding the point sources frorhe analysis of the cluster emis-
sion to construct the \correct" cluster Ly T scaling relation. The data used are either
Chandraor XMM- Newton observations of 40 clusters of galaxies which enable a determi-
nation of the Ly T correlation to be compared to the theoretical models. The ain result
is that the we nd a strong evolution, similar or stronger than the self-similar model, from
z=0 to z< 0.3, followed by a much weaker, if any, evolution at higher dshift. See for details
and results: Branchesi et al. 2007a, A&A, 472, 727; Branches al. 2007b, A&A, 472, 739.

3.6. Dominant Dumbbell Galaxies in Nearby Clusters
and Central Galaxies in Poor Groups

An interesting class of dominant galaxies found in the cerdf regions of clusters is represented
by Dumbbell systems (DBs): two galaxies of similar magnitugl inside a common halo,
at relatively small projected separation. Many questions ro their origin, evolution and
dynamical stability are still open. Their radio emission poperties are puzzling with complex
morphologies arising from (or related to) the system dynarcs. A multi-wavelength approach
has been adopted to an optically selected sample of DBs: radlata show that 50% of these
DB host a radio source in the optically brightest nucleus. Sgtially resolved spectroscopy
with the VLT-VIMOS Integral Field Unit allows us to probe the role of the gas in the DB
internal dynamics and in the formation of complex radio morpologies as well as the merger
signatures in the envelope. Future mm/sub-mm and radio obs&ations will permit the study
of the DB dust and molecular gas properties.

In 2007 we started a program to study the pc-scale propertiesf the BCGs (Brightest
Cluster Galaxies) using VLBI data to analyze if the peculiaties of these systems in uence
the activity in the radio band of the central AGN.

In order to investigate the role of radio loud AGNs located athe centre of poor groups on the
properties of the intergalactic medium, a sample of poor gups is being observed with the
GMRT over 4 radio frequency bands (from 1.4 GHz to 235 MHz). Atentral galaxies show
complicated radio morphologies with long tails, winding lbes, abrupt changes of direction
in the jets and lobes, emission from companions. At presenhe radio data are analyzed
together with high resolution X ray images Chandrg given the similar resolutions in the
two di erent bands.

Involved IRA Scientists and Collaborators:G. Brunetti, L. Feretti, I.M. Gioia, K.-H. Mack,
P. Parma, T. Venturi, A. Zanichelli, A. Bonafede, M. Branchesi, R. Cassano, D. Dallacasa,
C. Fanti, R. Fanti, S. Giacintucci, G. Giovannini, F. Govoni, L. Gregorini, E. Liuzzo, M.
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Murgia, E. Oru, G. Setti, F. Vazza.
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4. VERY LONG BASELINE INTERFEROMETRY RESEARCH

The technique of Very Long Baseline Interferometry (VLBI) povides the highest angular
resolution achievable in astronomy. With the VLBI techniqe the signals recorded by tele-
scopes located in di erent parts of the world are combined tether thus allowing scientists
to study the nest details of astrophysical phenomena. At tle IRA, VLBI is employed to
study the properties of extragalactic jets, their implicaion on the uni cation of AGN and
the life cycle of radio galaxies with particular attention b the Giga-Hertz-Peaked Spectrum
(GPS) and Compact Steep Spectrum (CSS) sources. The Instiéuoperates two 32-m dishes
that belong to the European VLBI Network (EVN), and participates also in observations
with global networks and Space VLBI.

4.1. Relativistic Jets

It is well established that a super-massive black hole (SMBHN. 10° M ) is responsible
for the energetic phenomena that occur in AGNs. In radio loudources, twin jets of plasma
are ejected in opposite directions from the SMBH and feed extded radio-emitting lobes.
The properties of these jets (composition, velocity struate, origin, collimation, acceleration
mechanisms, etc.) are still poorly understood. VLBI obseations are used to address these
problems. The BL Lac object Markarian 501 was observed withigh sensitivity (using
the High Sensitivity Array, HSA) and resolution (using Spae VLBI, VSOP). The HSA
observations reveal a one-sided jet (see Figure 8 - Left) mothan 300 pc long, which
constrains the jet velocity (which has to be relativistic),viewing angle and magnetic eld.
The VSOP data have shown evidence of a \limb-brightened" sticture in the inner jet (see
Figure 8 - Right) suggestive of a transversally resolved ality eld with a fast inner spine
and a slower outer shear. Very high frequency observationsifr-VLBI), which can provide
even higher resolution, are in progress. The launch of thergana-ray missions AGILE and
GLAST will provide new insights into the physics of relativstic jets. Radio observations
aimed at maximizing the scienti ¢ return of these missions r@ also planned. Detalls in:
Giroletti et al. 2004, ApJ, 600, 127.

4.2. Unied Models

The existence of relativistic jets has been postulated to esunt for di erent observational
properties of extragalactic radio sources, such as radiolgaes, radio loud quasars and BL
Lac type objects. By studying the jets on parsec-scale in vaus classes of radio sources, it
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is possible to gather evidence for intrinsically similar @dracteristics underlying the di erent
observational properties. For example, Giroletti et al. 204 and 2006 (ApJ, 613, 752; ApJ,
646, 801) have studied a sample of 30 BL Lac objects on parseeaie, and found that their
jets are relativistic and closely aligned with the viewing dection. Taking into account the
corresponding Doppler factor, which measures the ampli ti@n due to relativistic beaming,
these objects are consistent with a parent population comped of Fanaro -Riley | (low
power) radio galaxies. In addition, Giovannini et al. 20014pJ, 552, 508) have demonstrated
that low and high power radio galaxies in a sample of 27 objechave parsec-scale jets with
similar velocity (see Figure 9). An extension of this sampl® almost 100 radio galaxies is
currently underway. Details and results in: Giroletti et al 2004, ApJ, 613, 752; Giovannini
et al. 2005, ApJ, 618, 635; Giroletti et al. 2006, ApJ, 646, &80

4.3. Giga-Hertz-Peaked Spectrum and Compact Steep Spectru m Sources

A signi cant fraction of bright radio sources showing high ifequency spectral steepening ex-
hibits a compact morphology. These sources according to theadio spectrum are classi ed
as Compact Steep Spectrum (CSS), GigaHertz Peaked Spectr¢@PS) and High Frequency
Peaked (HFP). Empirical studies of various CSS/GPS sampldsave shown the existence of
an anti-correlation between the spectral peak and the lineaize. In the evolutionary scenario
this implies that the youngest (i.e. smallest) sources mugte sought among those with the
highest frequency spectral peak. The study of these objecgssa key element to understand
the evolution of the powerful extragalactic FRI and FRII rado sources. There is a general
consensus that CSS and GPS sources are small (few kpc or lésexause they are young,
but there are still open questions about their evolution, tk interaction with the interstellar
medium of the host galaxy, the physics of the jets and so on.

Strong support to the youth scenario comes from the determation of both the kinematic
and the radiative age. The kinematic age can be derived by tmeeasure of proper motion of
the radio lobes in CSS sources. By looking at the advance vaty of the outermost edges of
these objects, which can only be measured by observing witiLBI1 the tiny displacements
occurring over the years, we can estimate their age (see Figu0). Often the age is found to
be very small, as small as a few hundred years. In combinatienth studies of the spectral
ageing of the emitting particles, there is now good evidentieat these sources represent the
rst steps in an evolutionary sequence in which they can growo the large size of classical
radio galaxies.

The radiative age is derived by the steepening of the sourcadio spectrum caused by
radiative losses. In the lobes of CSS/GPS where the old elemts are deposited during the
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whole lifetime of the radio source, radiative ages of thousds of years have been determined.
These ages are well in agreement with the kinematic ages obted by VLBI observations.
Details and results in: Orienti et al. 2007, A&A, 461, 923; Migia et al. 1999, A&A, 345,
769.

4.4. GPS/CSS Evolutionary Models

The youth scenario is generally accepted but a few questioase still unanswered. Particu-
larly, it is expected that a radio source with a constant jepower, expanding in a medium
with a King-like density distribution, increases in radio pwer as it grows within the core
radius, and then decreases in luminosity as it gets outsidad core radius. Such evolution
would lead to a number of compact sources substantially low#ghan what is observed. This
inconsistency raises questions about our current model feither the gas density distribu-
tion or the physical radio source evolution. Starting from bsic assumptions, a zeroth order
analytic model has been developed to describe the main ploadijet and lobe evolution pa-
rameters in powerful radio sources originating from a cerdt AGN. In particular, the model
yields the source advance speed and luminosity as a functiohthe source linear size for
a source evolving in a King-like gas density distribution. Te observational constraints on
the evolutionary models come mainly from the observed soerdistribution in the radio
power-linear size plane, because each source follows a patthis plane as it evolves. How-
ever, the samples previously used for such a statistical dysis were selected from catalogs
potentially biased against very compact sources, dropped iux limited samples because of
self-absorption. New samples of double sources have beetnaexed from the 3CR (Jenkins
et al. 1977, MNRAS, 84, 61) and from the PW (Peacock & Wall 198MMNRAS, 198, 843)
catalogs. In order to collect information on the source mohwlogy and spectral shape new
observations as well as literature data have been used. Thesulting sample, spanning a
range in linear sizes from 10 pc to 100 kpc, has allowed us tsdebe the luminosity function
and the diameter distribution shapes and to re-discuss thev@utionary model in terms of
the new statistical results. Details and results in: Rosset2003, PhD thesis; Rossetti et al.
2006, A&A, 449, 49.

Selection E ects: the selection of most of these radio so@x is based only on their radio
spectra, it is possible that other objects, such as blazamsay temporarily meet the selection
criteria and, therefore, contaminate the sample (Stangheli et al. 2005, A&A, 443, 87).
During most of their lifetime blazars and young radio sourcedisplay very di erent character-
istics: the former objects possess signi cant ux density ariability, and the emission, often
polarized, has a core-jet morphology. The latter objects deot display any variability and
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the emission, unpolarized, has a \Double/Triple" structue on the parsec-scale. Simultane-
ous multi-frequency VLA observations performed at di erenepochs to check the variability
and the polarization (Orienti et al. 2007, A&A, 461, 923; Titi et al. 2005, A&A, 432,
31) together with high-resolution VLBA observations perfomed to study the morphology
(Orienti et al. 2006, A&A, 450, 959) have been carried out fathe only existing sample of
55 HFP candidates (Dallacasa et al. 2000, A&A, 363, 887). Csidering all the information
it was found that about 45% of the sources (all the galaxies dma few quasars) match the
typical characteristics of young radio sources, while 55%atth the characteristics of blazars.

To obtain a more complete picture of this class of sources angplete sample of young radio
sources in the local Universe has been built. This sample lle COmpact Radio sources At
Low redshifts (CORALZ) is composed of 17 sources akz0.16 and is currently being studied
in several observational programmes from the radio band td¢ X-ray regime. Details and
results in: Snellen et al. 2004, MNRAS, 348, 227; Vink et al.086, MNRAS, 367, 928.

The higher sensitivity of new observations has also led toehdiscovery of some sources (Low
Power Compact Sources) whose central engine could be too Wwé&aform a full-grown radio
galaxy (see Figure 11). Moreover there are sources that a@mg through intermittent phases
of nuclear activity (see Figure 12). Details and results inGiroletti, Taylor & Giovannini
2005, ApJ, 622, 178.

4 5. Polarimetric Observations of GPS/CSS Sources

As the source evolution strongly depends on the environmetphysical properties, a po-
larimetric study on suitable CSS samples has been performexobtain information on the
status of the gas in which the sources expand. Because of themnall sizes, GPSs reside
in the inner regions of the host galaxies and are largely camed to the narrow line region
(NLR) with its relatively large column density of ionized pasma. Even for moderate mag-
netic eld intensity in the NLR, signi cant Faraday Rotatio n takes place in these sources.
If the clouds are randomly distributed and the eld structure is not resolved, signi cant
wavelength-dependent depolarization of the radiation isxpected. A statistical analysis of
the polarization properties has been carried out for the B3 MA-CSS sample (Fanti et al.
2001, A&A, 369, 380) using multi-frequency VLA data combirg with WSRT new data. A
model for the external Faraday screen has been developed.

A similar analysis has been carried out for the 3CR+PW CSS sate on four-frequency low
resolution 100m E elsberg telescope data. Furthermore, ¢iin-resolution VLA data at 8.4,
15 and 23 GHz are also available for the same sample. The comgan between the high-
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resolution and the low-resolution data provides some cluabout the gas density distribution.
A sub-sample of these Young Radio Sources, mainly assoahteith quasars, has also been
observed at mas resolution with the VLBA (see Figure 13). Thebservations allowed us to
investigate the polarization characteristics of their jet, lobes and cores, and possibly jet-
cloud interactions. New data sets are under analysis. Delgiand results in: Mantovani et
al. 2002, A&A, 389, L15; Rossetti et al. 2005, A&A, 434, 449.

4.6. Secular Optical Behaviour and Structural Changes of BL Lacs

VLBI observations of optically violent variable BL Lac objests are an ongoing project carried
out in collaboration with people from the University of Rome Recently, new EVN observa-
tions of ON231 (see Figure 14) and OQ530 have allowed us to djuthe link between the
optical variability and the nuclear radio structure. The pasible scenarios for interpreting
both the time evolution in the optical luminosity and the changes in the parsec scale struc-
ture are: a jet pointing very close to the observer directioand undergoing strong instability
and oscillations; a slowly precessing jet, which approachéhe observer line of sight during
the past few decades. Details in: Massaro et al. 2001, A&A, 87435; Massaro et al. 2004,
A&A, 423, 935.

Involved IRA Scientists and Collaborators:M. Bondi, L. Feretti, M. Giroletti, K.-H. Mack,
F. Mantovani, C. Stanghellini, T. Venturi, D. Dallacasa, C. Fanti, R. Fanti, G. Giovannini,
E. Liuzzo, M. Orienti, A. Rossetti.
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5. INTERSTELLAR MEDIUM AND STAR FORMATION
5.1. Interstellar Medium

We carry out multi-line and continuum radio and (sub-)mm obsrvations of molecular
clouds across the Galaxy, with single-dish and interferoriee telescopes. The main aims
are to determine the physical and chemical properties of inddual clouds, and to study
Galaxy-wide phenomena such as abundance gradients and gaslust ratios. We are also
carrying out a search for the presence of pre-biotic moleeslat the edge of the Galactic disk,
in order to put constraints on the size of the Galactic Habithle Zone. Selected publications:
Wouterloot et al. 2005, A&A, 430, 549; Brand et al. 2001, A&A377, 644; Brand et al.
2001, A&A, 370, 230.

5.2. Star Formation

Massive stars (M> 8 M ) transfer large amounts of energy to the Interstellar Medion (ISM)
through stellar winds, supernova explosions, and copiousnaunts of UV-radiation. These
processes can lead to the formation of new generations ofrstdor instance in small molecular
clouds that are inside or at the edges of supernova-createdldbles, or at the borders of
expanding HIl regions. In collaboration with the observatoes of Marseille, Grenoble, and
Arcetri we have selected a number of HIl regions where, based their morphology, we
expect to have a good chance to see this induced star formatiprocess at work. Several of
these regions have been investigated, and for a few of them lagve been able to establish
that the embedded star cluster at the border of the HIl regiorhas likely been formed by
this process. A good example is shown in Figure 15 (taken fradavagno et al. 2006, A&A,
446, 171).

Spontaneous (i.e. not triggered by external agents) starrmation is studied in Bok Globules.
These are relatively isolated nearby (typically a few 100 pcsmall (typical diameter 0.7

pc) and cold (10 K) molecular clouds, often with dense coresié embedded protostars
(detected in the NIR). Because of their small size and mas$dy form low-mass stars in small
numbers and without therefore the observational confusiothat one encounters in regions
like Ophiuchus or Orion. TNG (Telescopio Nazionale Galilgoobservations were performed
for a sample of globules in the NIR through narrow-band H(tracing slow shocks) and [Fell]
(excited in fast shocks) lters. The JCMT and the IRAM 30-m weae used to observe the
large-scale out ows and the dense core in which the Young 8& Object (YSO) driving the

out ow is embedded. One of the best-studied objects is gloluCB230, in which a jet with

two knots emanating from the YSO was detected. The jet is aliged with the large-scale
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out ow, detected in CO(3-2) (Figure 16). NIR spectra of the YSO and knots con rmed the
presence of bl and [Fell] emission, and which also indicate the presence afcircumstellar
disk around the YSO (in collaboration with Arcetri, TNG-La Palma, and JAC-Hawalii).

In the far-outer Galaxy (R > 16 kpc) the physical environment di ers from that in the inne
Galaxy, the e ects of which may in uence the formation of moécular clouds and the star
formation process within them. To study the process of stapfmation and its end products
in the outer parts of the galactic molecular disk, in collab@tion with the Joint Astronomy
Center (Hawaii) we are making a census of molecular cloudsdastar formation at the edge
of the Galactic molecular disk. One of the nal aims is to deve the IMF of the embedded
clusters in order to establish whether it di ers from the loal IMF. As an example we show
in Figure 17 and Figure 18 a false-colour image of the most @it star cluster found in the
Galaxy so far, and its associated out ow (Brand & Wouterloot2007, A&A, 464, 909). This
cluster lies embedded in a molecular cloud at the very edgetbe Galaxy (R 19 kpc). For
more details see e.g.: Wouterloot & Brand 1989, A&AS, 80, 149Vouterloot et al. 1990,
A&A, 230, 21; Brand & Wouterloot 1995, A&A, 303, 851; Brand etal. 2001, A&A, 377,
644.

5.3. Early Stages of Massive Star Formation

Pre{stellar cores are cold and dense molecular condensagofrom which protostars are
born via gravitational collapse. We search for and study mase pre-stellar cores close
to some well-know high-mass protostellar objects (HMPOs)sing the same investigative
techniques successful in the identi cation of low-mass pi&ellar cores, namely high values
of the column density ratio N(NbD*)/N(N ,H*) and high values of the CO depletion factor.
In collaboration with the Smithsonian Astrophysical Obseratory, the Arcetri Observatory
and the University of Leiden, we have observed with the IRAMBOmM telescope 10 HMPOs
in several rotational lines of ND*, N,H* and C'YO, and in the sub-mm continuum with the
JCMT. We have derived values of the deuterium fractionatior8 orders of magnitude higher
than the cosmic value, while the observed CO abundance is ovesage 3 times smaller than
the theoretical value (Fontani et al. 2006 A&A, 460, 709). Ware extending this study to
a larger sample of objects, using the JCMT, while individuabbjects are studied in detail
with the SMA and PdeBI interferometers.

Hot Molecular Cores (HMCs) are hot, dense and compact moldau condensations where
early-type stars have recently been formed. Their spectrdh@wv high abundances of satu-
rated species (e.g. kD, NH3, CH3OH) and complex organic H-rich molecules. In some of
them a spatial separation has been noted between moleculestaining Nitrogen and those
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containing Oxygen. Chemical models explain this as being dto the di erent physical prop-
erties of the two regions, and predict a relation between theore evolutionary stage and the
abundance ratio of pairs of molecular species like ethylaryide (C;HsCN) and vinyl-cyanide
(C2H3CN). Therefore, the relative abundance of these species cha used as a 'chemical
clock' to estimate HMC ages. In collaboration with the Stewa Observatory, and with
Arcetri, we have observed 12 well-known HMCs in two N-beamnmolecules (GHsCN and
C,H3CN), and two O-bearing molecules (CEOCH3; and HCOOCH;) with the IRAM-30m
telescope. By comparing the abundance ratio of the parentéighter pair C;HsCN/C ,H3;CN
with the predictions of chemical models, we have derived th#éhe ages of our HMCs range
between 3.7 and 5.9 10* yrs (Fontani et al. 2007, A&A, 470, 639).

5.4. Masers in Regions of Star Formation and in Circumstella r Envelopes

Water masers are associated with the earliest stages of tleerhation of (especially massive)
stars. Maser emission from star forming regions is highly table both in intensity and in

velocity thus long-term variability monitoring is important. In collaboration with Arcetri a

monitoring survey of 45 star forming regions, associatedtwilRAS sources with a luminosity

between 20 and 2 10° L is carried out with the Medicina 32-m telescope. With a time
coverage of 20 years, this is the most extensive data basetefgort in existence, together
with that of the (Russian) Pushchino Observatory. An examm@ of the available data is
presented in Figure 19 which shows the behaviour of the ux dsity (colour scale) of the
maser associated with L1204-G as a function of velocity andre, over a period of about
6200 days. Details in: Brand et al. 2003, A&A, 407, 573; Felit al. 2007, arXiv:0710.0790.

In collaboration with Hamburg and Onsala, we are carrying dua long-term monitoring
program of water masers in the circumstellar envelopes of @it 20 late-type stars (Mira's,
supergiants, OH/IR stars, semi-regular variables). This gpgram too has been active for
about 20 years at the 32-m telescope at Medicina, and has sitameously run for several
years at the E elsberg 100-m dish. We combine the single-tiglata with interferometric
(VLA) observations to derive the distribution and evolution of individual maser spots in the
stellar envelopes. As an example we show in Figure 20 the distition of maser spots in
the circumstellar shell of RX Boo. To nd out more, see e.g.: Bgels et al. 1997, A&A, 322,
291.

Involved IRA Scientists and Collaborators:J. Brand, F. Fontani.
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6. THEORETICAL RESEARCH

The theoretical group at IRA mainly focuses on models that §r to understand the origin
and the evolution of extragalactic radio sources at di ereinscales, from radio galaxies and
guasars to radio halos and relics in clusters of galaxies. Maresearch topics are:

- Emission Processes in Astrophysics

- Cosmic Ray Physics

- Theory of Particle Acceleration in Astrophysics
- Extragalactic Radio Sources

- Plasma Physics

- Non-Thermal Emission from Galaxy Clusters

- Cosmological Numerical Simulations

6.1. X-ray Emission and Energetics of Radio Galaxies

Radio galaxies and quasars are extraordinary laboratori¢s study the acceleration of rel-
ativistic particles and the physics of the plasma. Synchrodbn emission in the radio band
gives indirect information on the mixing of relativistic paticles and magnetic elds, while
Inverse Compton (IC) measurements in the X-ray band can prade direct information on
the energy and spectrum of the relativistic particles. X-na emission comes from two main
mechanisms: the electron scattering with the CMB photons (g. Harris & Grindlay 1979,
MNRAS, 188, 25) and the scattering between nuclear electr®and photons (Brunetti, Setti
& Comastri 1997, A&A, 325, 898; Brunetti 2000, Astropartiak Physics, 13, 107). The latter
mechanism is interesting because the X-ray emission is duediectrons with a Lorentz factor
of 100-300, which contain the bulk of the leptonic energiesofn the radio lobes. The study
of IC emission is particularly useful to measure the energes of the lobes and magnetic eld
because the IC properties depend only on the number density the emitting electrons and
thus allow us to break the so called \synchrotron degeneratyin recent years several studies
have been performed using combined radio and X-ray data. Thgoup is also involved in
the modelling of the broad band emission from compact feates in radio galaxies (e.g., hot
spots) which are the sites of particle acceleration in theseurces (see Sect. 2.4). To nd out
more see: Comastri et al. 2003, MNRAS, 340L, 52; Migliori et.a2007, arXiv:0704.2131.



6 THEORETICAL RESEARCH 28

6.2. Origin of Radio Halos in Galaxy Clusters

Radio halos originate from synchrotron emission of relatistic electrons and positrons (with
energy E> a few GeV) which interact with the cluster magnetic eld (seeobservational
results in Sect. 3.2). The origin of these particles is ratheomplex and still far from being
understood. A promising model today is the \re-accelerati®' model, originally proposed by
the IRA group (Brunetti et al. 2001, MNRAS, 320, 365) and latedeveloped in many other
papers. The model predicts that the turbulence, originate&and developed in the Intra-
Cluster-Medium during cluster mergers, accelerates relgistic particles via second order
Fermi processes. However, since these processes are ngteeient in accelerating thermal
particles, one hypothesis requires the presence of a resarof super-thermal or relativistic
particles in the ICM (e.g., from cosmic rays sources in galgxclusters, such as AGN, galaxies
or proton-proton interactions).

The interaction between turbulence and particles, which timately causes the nal accelera-
tion of the particles themselves, is a very complex procesBhe understanding of the physics
of such interactions is important because they are relevamiot only to galaxy clusters, but
to many other astrophysical environments as well (e.g. theug, ISM). The IRA theoretical
group has developed a formalism capable of modeling in a sahsistent way the non-linear
interaction between Alfven modes, relativistic protons,primary and secondary electrons and
positrons (Brunetti et al. 2004, MNRAS, 350, 1174; Brunett& Blasi 2005, MNRAS, 363,
1173). The formalism, applied to galaxy clusters, allowedsuo understand for the rst time
the radio halo formation when appropriate physical conditns exist. A similar study has
recently been carried out even in the case of magnetosonicves, considering not only the
non-linear interactions between the waves and particlesubalso the physics of such waves
in the typical conditions of the ICM (Brunetti & Lazarian 2007, MNRAS, 378, 245).

6.3. Statistical Properties and Cosmological Evolution of
Non-Thermal Processes in Galaxy Clusters

Observational data suggest a connection between non-theahphenomena in galaxy clusters
(such as radio halos, relics, hard X-ray tails) and the asséity of the clusters themselves
(see cluster observational studies in Sect. 3.2). Indeedere is evidence that a fraction of
the energy dissipated during cluster formation can be conyed and used into ampli cation

of magnetic elds and acceleration of non-thermal particee Models which follow both the
formation of clusters and the acceleration of particles havallowed us to better understand
most of the statistical properties of radio halos (Cassano &runetti 2005, MNRAS, 357,

1313; Cassano, Brunetti & Setti 2006, MNRAS, 369, 1577) and tpredict and test new
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scaling relations present in these sources (Figure 21 fronas3ano et al. 2007, MNRAS, 378,
1565). The relevance of these models rests on the fact thatwill be possible to predict in
some details the properties of synchrotron and IC emissioroim galaxy clusters at di erent
cosmological epochs. Such properties will be tested by fotunew instruments in the radio
band such as LOFAR, LWA and SKA, or Simbol-X and GLAST in the Xyay and gamma
band, respectively.

6.4. Cosmological Numerical Simulations

Simulations are a unique tool to follow the formation and evation of cosmic structure in
the non-linear regime and to study in detail the heating and ming processes in the interiors
of galaxy clusters. During a merger event a fraction of the areted energy can be dissipated
driving large-scale turbulent motions. We made use of Lagngian cosmological simulations
of the SPH (Smoothed Particle Hydrodynamics) fashion (Gaddr-2) with a reduced viscosity
to study this complex process (Dolag et al. 2005, MNRAS, 36453; Vazza et al. 2006, MN-
RAS, 369, 14). The most interesting research topic for the gup is the study of cosmological
shocks associated with the formation of large-scale struces. Shocks are very important
since they are responsible for the thermalization of baryenmatter within clusters and they
also are thought to be the main source of cosmic rays partislevithin virialized structures.
Making use of Eulerian cosmological simulations with the ERD code (developed for cosmo-
logical simulations of the early Universehttp://Ica.ucsd.edu/portal/software/enzo) we are
now studying the statistical properties of cosmological sitks, and their dynamics during
clusters assembly; about 15% of the volume of the Universe lied by these shocks which
are particularly prominent in the external regions of the gkaxy clusters and in the laments
where most of the cosmic rays acceleration takes place (segufe 22) while only a small
number of shocks (1/1000) takes place within the virial radis of clusters (see Figure 23).

Involved IRA Scientists and Collaborators:G. Brunetti, R. Cassano, G. Setti, F. Vazza.
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7. GEODETIC ACTIVITY AT IRA

Since the end of the 1980s both Medicina and Noto radiotelegpes regularly participate
in Geodetic VLBI observations. In both sites there are co-tations with permanent In-
ternational GNSS Service (IGS) Global Positioning SystemGPS) equipment. The IRA
is a member of the International VLBI Service (IVS) since 199 when the service was es-
tablished to ensure coordination and promotion of VLBI-basd astrometric and geodetic
investigations. Twelve IRA sta members are aliated to IVS (see Associate member list
in http://ivscc.gsfc.nasa.gov/about/org/coordinators/n c/nc.html) to work and contribute on
di erent technological and scienti ¢ VLBI-related issues The observational activity is part of
the scienti ¢ research which is carried out on some selectedpects of geodetic investigation
based on VLBI as well as on other space geodetic techniques.

7.1. Crustal Deformation

VLBI-based monitoring of the deformation eld in Europe andin Mediterranean area is a
long lasting scienti ¢ activity of the geodetic group. It has recently been expanded with
GPS data processing aiming at de ning a more detailed, tholigcomplementary, picture of
the geodetic deformation eld (see Figure 24). Details ancesults in: Tomasi, Rioja & Sarti

1999, New Astronomy Reviews, 43, 603.

7.2. Tropospheric Water Vapour

The IRA contributes to the IVS project IVSTROP through regular processing of geodetic
VLBI observations used to study and monitor the troposphed water vapour content. See
for results: Heinkelmann et al. 2007, J Geodesy, 81, 483.

7.3. Local Ties

The two co-location sites of Medicina and Noto are a remarkébresource in the national as
well as the international geodetic network. They represerd challenge in terms of mainte-
nance and management of geodetic co-location sites, ecceity vectors estimation and all
related aspects (e.g. geodetic reference point de nitioreference system transformation, lo-
cal ground control network stability, gravitational deformation of large VLBI telescopes, etc.
(see Sarti 2007 http://itrf.ensg.ign.fr/doc _ITRF/egu2007/Sarti-equ_070417.pdf. An indi-
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rect approach for the computation of the eccentricity vects has been developed at IRA,
in cooperation with the Dept. of Engineering (DISTART - Topayraphy) of the University
of Bologna. The method is nowadays acknowledged as one whiokets the International
Earth rotation and Reference systems Service (IERS) reqements for the estimations of
the eccentricity vectors. In addition, since 2004 the IRA pdicipates in the activities of the
IERS Working Group 2 on local ties and co-location sites. Deils and results in: Dawson
et al. 2007, J Geodesy, 81, 433; Satrti et al. 2004, J Geodes3;, 710.

7.4. Antarctic Geodesy

The IRA is involved in Antarctic geodetic investigations inthe Northern Victoria Land within
the framework de ned by PNRA (Progetto Nazionale di Ricercan Antartide). The IRA
leads an Operative Unit whose aims are to study the content drevolution of tropospheric
water vapour using the GPS technique and to compute the regial crustal deformation
using the GPS solutions. The Antarctic activities are deveped in cooperation with the
Istituto di Scienze dell' Atmosfera e del Clima (ISAC) of theNational Research Council and
with the Universities of Bologna (DISTART), Modena, ReggioEmilia (DIMEC) and the
Politecnico of Bari (DAU). Details and results in: Capra et & 2007, Antarctic Science, 19,
107; Negusini et al. 2005, Journal of Geodynamics, 39, 81.

Involved IRA Scientists and Collaborators:P. Sarti, M. Negusini.
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8. RADIO SCIENCE EXPERIMENTS
8.1. The Space Debris Project

A huge quantity of space debris (inoperative spacecraftgpant rocket stages as well as frag-
ments of satellites) currently orbits the Earth. The amountof these objects is steadily grow-
ing and represents an increasing hazard to the whole spaceséd activities. For this reason
the discovery of new space debris and the characterizatiohtbe orbital debris environment
represent one of the most important research activities aaed out by worldwide space agen-
cies (NASA, ESA, etc.). In the framework of the ASI space deisr monitoring program,
the IRA has been involved, together with other scienti ¢ pamers, in the "Progetto detriti
spaziali" funded by ASI-CISAS ( Agenzia Spaziale Italiana €entro Interdipartimentale di
Studi e Attivita' Spaziali).

The rst test of space debris detection performed using thennovative bistatic radar system,
consisting of the 32m VLBI antenna at Medicina as receiver dnthe 70m antenna at Ev-
patoria (Ukraine) as transmitter, was successfully carrgeout. These measurements, mainly
performed to validate a new hardware (the high speed backe&BEE2 FPGAs cluster) and
to test the detection methods in both frequency and time doma as well as the "piggy-back"
and "beam parking" observational techniques, resulted inhie clear detection of extremely
small size debris.

Centimetric debris, among the smallest catalogued by NASAIORAD (North American
Aerospace Defense Command), were observed with an extregynieigh signal to noise ratio
showing the high sensitivity and the capability of the systa in pointing and detecting
fast and small targets. Several faint echoes (see Figure 2pyobably due to small and
still unknown orbiting fragments, were recorded in both "bam parking" and "piggy-back"
observational modes. The rst size estimate, based on theauetry of the events and on the
measured S/N ratios, gives diameters of the order of 5Smm. Sucesults demonstrate that
the Medicina-Evpatoria bistatic radar system can play a fudamental role in the detection
of small-size space debris and can represent one of the fewldwide systems that are able
to detect sub-centimetric debris at LEO orbit.

Involved IRA Scientists, Technicians and Collaborators:S. Montebugnoli, G. Pupillo, L.
Anselmo, M. Bartolini, M. Di Martino, S. Pluchino, E. Salerno, F. Schilliro', L. Zoni.



8 RADIO SCIENCE EXPERIMENTS 33

8.2. Lunar Radio Occultations

The radio occultation technique to sound planetary atmospdres using spacecrafts began
almost at the dawn of the planetary exploration era. The exience of a tiny lunar ionosphere
was suggested since the 1950's/60's during the radio obsdions of some lunar occultations.
The rst lunar radio occultation with Pioneer-7 (1966) revaled a plasma cloud above the
Moon surface with an electron density smaller than 4107 eteans m 2 (Kliore et al. 19609,
Science, 166, 3911, 1393). A few years later, the dual freqoye measurement performed by
the Russian spacecrafts Luna-19 and una 22 provided eviderior the existence of the plasma
regions with TEC (Total Electron Content) close to 4 1014 electrons m? at heights up to
10 km. Later, these results were explained as the probableeet of the lunar photoelectron
layer (Vasil'Ev et al. 1974, Cosmic Research, 12, 102).

The experiments performed at IRA refer to a sounding technigg in which a radio wave from
an emitting spacecraft passes through an intervening plataey atmosphere before arriving at
the receiver. The receiver measures the phase and amplituafehe wave over the duration of
the occultation event. The phase and amplitude of the wave dlhe receiver are consequently
altered with respect to the original values. These measuremts are important to understand
the physics of the lunar atmosphere and also for radio frequey astronomical observations
from the future lunar-based stations.

The rst set of lunar radio occultations was obtained duringspring 2006 when the European
Probe SMART-1, which was orbiting the Moon, would have cragtd on the surface satellite
on Sunday, September 3rd 2006. During the week prior to theash, between August 29th
and September 3rd 2006, radio data in S and X-band from the adtations of SMART-
1 by the Moon were gathered by the two IRA radiotelescopes laed in Medicina and
in Noto (Maccone & Pluchino 2007, MSAIS, 11, 63). The last saif experiments were
performed during the last lunar occultations of Saturn and ¥nhus. On 22 May 2007 the
Cassini spacecraft, orbiting around Saturn, passed behirtie Moon as viewed from the
Earth. Similarly on 18 June 2007 the Venus Express spacedrairbiting Venus, was occulted
by the Moon. Data produced by these observations are curréyptunder processing.

Involved IRA Scientists, Technicians and CollaboratorsS. Pluchino, F. Schilliro', P. Cas-
saro, G. Maccaferri.
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9. BIOASTRONOMY

ITASEL is a Bioastronomy joint Project between IFSI (Istituto di Fisica dello Spazio In-
terplanetario) and IRA (Istituto di Radioastronomia) nan ced by the Italian Space Agency
(ASI). Its main purpose is the development of new challenginspectral radio technologies to
be applied to the Medicina and other powerful radiotelesces in order to detect water and
life bearing molecules in comets and (exo) planetary system

After the promising discovery of the rst water MASER emisson in the solar system due to
the catastrophic impact of Comet Shoemaker-Levy with the dean Atmosphere (1994), we
decided to use this discovery as a powerful and unique diagtio tool for water search in
exoplanetary systems where cometary bombardments occurday as they occurred in our
planet billions of years ago. Moreover calculations have ®hn that the 22 GHz MASER
emission can be observed also in water rich atmospheres veh#re necessary pumping can
be delivered by photo-deposited energy which can a ect thevel populations. Up to now
we searched for water in 35 exoplanetary systems and we cagriout observations of stellar
regions where either cometary clouds have been discoveredplanetary systems have been
indirectly detected and peculiar stars, such as red and brovdwarfs with strong IR-radiation.
Very faint possible transient signals have been tentativelidenti ed in the last years which
seem to be originated around 5 peculiar objects. However 8w observations need to be
con rmed using the recently developed multichannel speameter (SPECTRA-1).

The 22 GHz MASER line was also detected for the rst time in a anet (Hyakutake C/1996)
and con rmed in Comet C/2002 V1-NEAT. Both comets were very lose to the Sun (0.23
A.U. and 0.11 A.U. respectively) and the MASER excitation mghave been originated by the
strong coronal activity during the transit of the comets at he perihelion. Recently the Cassini
spacecraft has identi ed in the southern hemisphere of theaBirnian satellite Enceladus jets
of ice particles carried by water vapour probably originat from liquid water sources below
the satellites surface. Thus observations were carried oat Medicina in collaboration with
the JIVE Institute (NL) and the detection of the MASER emission was possible in the region
including some icy satellites and the rings of the Saturniasystem. The new discovery would
be very important to determine if a pumping model for the wate molecules based on the
magneto-hydro-dynamic interaction of the satellite with he Saturnian magnetosphere could
be taken into account.

For details on results you may visit the web site: http://itasel.med.ira.inaf.it/itasel/index.htm

Involved IRA Scientists, Technicians and Collaborators:C. Cosmovici (IFSI-INAF), S.
Montebugnoli, S. Pogrebenko (JIVE), E. Flamini (ASI), M. Batolini, S. Pluchino, F.
Schillio, G.Pupillo ( OA,Torino), A. Mattana (IFSI-INAF ).



10 TECHNOLOGICAL ACTIVITY 35

10. TECHNOLOGICAL ACTIVITY

10.1. Upgrade of the Medicina Radiotelescope for High-Freq uency
Continuum Observations

The advent of the new 20 GHz multi-beam receiver to be mounteoh the 32-m Medicina
antenna requires the adjustment of the entire hardware andofiware observing system to
prepare the antenna for wide-area radio continuum measuremts at high-frequency. The
upgrade which involves di erent aspects such as noise cahition for gain stability, on-
the- y mapping procedures, data output format and archivirg, is expected to improve the
continuum sensitivity by about two orders of magnitude. Fdbwing RadioNet recommen-
dations we are working on a new User Support System includirtglescope manuals, Expo-
sure Time Calculators and an electronic proposal submissidool based on the Northstar
software developed by Synergy (a working group on RadioNedility integration) and AS-
TRON (the Netherlands Foundation for Research in Astronomy The upgrade will make
the Medicina antenna (and subsequently the Noto antenna) enof the prime instruments
for high-frequency continuum observations, as it combindsoth the necessary sensitivity
and resolution for an e cient survey of large regions of thelg. The scientic goals of
this work are manifold and range from Galactic studies to seeghes for speci ¢ extragalactic
sources (e.g. young radio galaxies) up to cosmological apptions. The system will also
be an important instrument for any kind of high-frequency fdow-up. To nd out more
about the Enhanced Single-Dish Control System see the docem by Righini et al. 2007
(http://www.med.ira.inaf.ittManualeMedicina/English/ ESCSen.htn).

10.2. Software Development for Sky Surveys with a 20 GHz 7-ho rn multibeam

The recent development of multi-beam receivers will enabkngle-dish telescopes, like the
future Sardinia Radio Telescope (SRT), to survey large arsaf sky at high radio frequencies
( 20 GHz). High-frequency extragalactic sky surveys are exgied to have a major impact
on astrophysics. In particular, they can provide samples oére, but very interesting, classes
of sources with at spectrum up to high frequencies. At low fquencies such sources are
swamped by more numerous populations which fade away as tlequency increases. They
can then help in opening a window on new classes of sourcesshsas those with strong
synchrotron or free-free self-absorption corresponding both very early phases of nuclear
radio-activity (extreme GHz Peaked Spectrum or High Frequeey Peakers) and late phases
of the evolution of Active Galactic Nuclei, characterized plow accretion/radiative e ciency
(ADAF/ADIOS sources). They will also play a vital role in the interpretation of temperature
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and polarization maps of the Cosmic Microwave Backgroundykallowing us to characterize
and remove the contamination by astrophysical foregrounds

The IRA has developed a cryogenic feed array receiver to beedswvith the new radiotelescope
which is being built in Sardinia (SRT). The 7-beam receiverpans a frequency band from
18 to 26 GHz providing fourteen output channels with up to 2 GHE bandwidth each. The
multi-feed is a state-of-the-art receiver exploiting the ew Indium Phosphide technology for
cryogenic Low Noise Ampli ers (LNAs). Monolitic design of he LNAs will provide robust

and repeatable performance among the several ampli ers kel in the fourteen channels.
Beside the receiving parts, the Institute has started the delopment of a prototype of
a digital multi-purpose back-end able to acquire, digitizeand process raw data for both
continuum and spectroscopic observations. In the near futel (beginning 2008) the multifeed
receiver will be mounted on the Medicina single dish in ordeo test its performances and
start the rst astronomical observations.

In order to make fruitful survey observations, a lot of softare algorithms must be developed.
In particular it is important to: 1) implement convenient raster-scan/on-the- y mapping
observation algorithms; 2) produce dedicated data acquigin and processing algorithms.

10.3. CMB Polarization Experiments: Study of New Instrumen t
Architectures for Observations of the B-Mode of the CMB Pola rized
Emission

The study consists of a Work Package (WP) of a major Italian mject funded by the Italian
Space Agency (ASI) for Cosmology and Fundamental Physicsuslies. The WP activity is
related to the study of new correlation receiver architectes oriented to array con gura-
tions. The aim is to obtain high sensitivity and high polariation purity (low instrumental
polarization) instruments which is mandatory because of #thweakness (of order of tens nK
or less) and small polarization fraction €< 1%) of the CMB B-mode signal.

Involved IRA Scientists and Collaborators: E. Carretti, G. Maccaferri, K.-H. Mack, F.
Mantovani, M. Nanni, A. Orfei, A. Orlati, I. Prandoni, F. Tin arelli, A. Zanichelli, S.
Righini, R. Verma.
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10.4. The 32m-Dish Parabolic Antenna System at Medicina Obs ervatory

The IRA operates a 32m dish parabolic antenna in Medicina (Bagna) since 1983. The
observatory is part of the EVN-VLBI (Europena VLBI Network) consortium and of the

worldwide geodetic VLBI network. The antenna is also used lyalian and foreign scientists

in many single-dish projects which perform continuum, potametric and spectroscopic ob-
servations. In over twenty years the R&D team has refurbisliepractically all the antenna

and observing system components allowing the original dgeito be upgraded in the eld

of mechanics, electronics, microwave receivers, contrgsteem and control software. Some
remarkable results can be summarized in the following:

- capability to switch among all receivers very fast (less #n 4 minutes in the worst case)
and automatically (frequency agility) (Figure 27 - Left andRight)

- new concept for the antenna track and rail system

- development of new generation microwave receivers withdei bandwidth using mono- and
multi-feed schemes with coherent and heterodyne architece (Figure 28 - Left)

- new generation Low Noise Ampli ers using monolithic techology up to a frequency of 100
GHz (3mm band) (see Figure 37 in Firenze Section)

- new concept for down conversion boards for heterodyne nowrave receivers

- implementation of an active surface system (patented in Eape, USA and Japan) to
overcome the e ects of gravitational deformations on the d@anna gain. This allows us
to use an antenna originally designed for centimetric wawaigths up to the millimetric
range avoiding additional expensive structural changes eessary in high frequency antennas
(Figure 28 - Right)

- implementation of six generations of VLBI data acquisitio systems, from the original 2
MHz bandwidth MK2 system over MK3 and MK4 up to the MK5 1 Gb/s system. Today
the station is also routinely used to send the data directlyd the JIVE correlator through a
ber optical link (e-VLBI) (Figure 29 - Left and Right)

- development of back-ends with integrated control and acggition system for single-dish
observations in total power, polarimetry and spectroscopy

Together with the R&D activity the sta of the parabolic ante nnas has routinely maintained
all the observing systems allowing the station to serve itsuties in many international
and national contexts. The reliability and continuity of the work of the station has been
acknowledged in many occasions. Here it is worth to mentiorNASA Achievement Award to
Medicina VLBI Station (1993) and a Certi cate of Appreciation to the IRA, Medicina, from
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the JAXA (Japan Aerospace Exploration Agency, 2006) in therémework of the VSOP-1
(VLBI Space Observatory Project).

In these last years the Medicina sta has heavily been invodd in the design, construction
and implementation of primary and secondary mirrors panelsictive surface, tertiary mirrors,
receivers, back-ends, servosystems and antenna contrdtwsare, antenna equipments for the
Sardina Radio Telescope.

Involved IRA Scientists, Technicians and CollaboratorsA. Orfei, G. Zacchiroli, J. Roda,
M. Morsiani, M. Nanni, F. Fiocchi, G. Maccaferri, A. Orlati, A. Maccaferri, A. Cattani,
J. Monari, M. Poloni, A. Scalambra, S. Mariotti, A. Cremonini, E. Natale, R. Nesti, F.
Cresci, D. Panella, S. Righini, P. Bolli.

10.5. SKA Design Studies

The design of a radio telescope with 1.000.00F of collecting area to observe the redshifted
hydrogen emission to the earliest cosmological epochs hasdg been a dream of radio as-
tronomers. The EU has funded (10 MEuro) the European SKA Deagn Studies, SKADS, a
3-year program aimed at producing technological demonstaas. One of these is obtained
by the re-commissioning of a part of the Italian Northern Cres radiotelescope, a T-shaped
array equipped with more than 5000 dipoles. This programméhe Basic Element for SKA
Training (BEST), consists of three demonstrators of incresing sizes (the third one will have
7000 nt) formed by N/S and E/W cylindrical concentrators equipped vith a certain number
of low cost, high dynamic range and low noise receivers. Theaim aim of these test beds is
to check the validity of some concepts that are at the heart dhe SKA philosophy. First,
there is the multi-beaming concept, the construction of dierent beams in the eld-of-view
of a single parabolic receiver. Then we will study adaptivedam forming, the technique that
allows one to reconstruct a beam by putting together signalsom separate receivers with
the proper phase delay. Finally, we want to test the e ectiveess of algorithms for mitigat-
ing and (preferably) cancelling radio frequency interferee. So far BEST-1 was successfully
nished. BEST-2 is now mechanically ready, since the anteias have been modi ed and the
radio signals can now be transmitted via optical ber to the eceiver room. In 2008 the nal
BEST-3 demonstrator will be constructed. Due to its huge amot of collecting area it will
be able to produce the rst science for a SKA demonstrator. Tése demonstrators will play
a fundamental role in the design of new technologies applida to many industrial elds. By
having the required funds, the overall Northern Cross coulbe re-instrumented obtaining
in this way a more powerful and exible low frequency array util the starting operation of



10 TECHNOLOGICAL ACTIVITY 39

SKA in 2020.

Involved IRA Scientists, Technicians and Collaborators:S. Montebugnoli, M. Nanni, F.
Perini, G. Bianchi, E. Carretti, M. Schia no, J. Monari.

10.6. LOFAR (LOw Frequency ARray)

LOFAR is one of the most innovative and ambitious projects imadioastronomy. Currently

under development at ASTRON (the Netherlands Foundation foResearch in Astronomy),

LOFAR will be the rst large radio telescope for low frequeng observations. In particular,

it will work in two frequency ranges that are still largely urexplored: the rst one goes from
30 to 80 MHz, and the second one from 120 to 240 MHz. Thanks tcetinnovative approach
of LOFAR it will be possible to observe the Universe even in #se spectral bandwidths
usually full of terrestrial interferences. Astronomers Wli be able to study the past history

of the Universe till the re-ionization epoch, as well as theyachrotron emission of radio
sources in a substantially unexplored frequency range. Inldition transient phenomena due
to high energy emission, like Gamma Ray Bursts (GRB) or Ultradigh Energy Cosmic Rays
(UHECR), will also be observed.

From the technological and structural point of view LOFAR will be the rst new genera-
tion radio telescope that will be composed of an array of margimple and low-cost omni-
directional antennas instead of a large dish antenna. Thigpresents a break-through with
respect to traditional architectures of radio telescopesThe electronic signals from the an-
tennas will be digitized, transported via optical bers to acentral digital processor, and
combined to emulate a conventional antenna.

The Medicina observatory is directly involved in this projet. A program to recommission
the Northern Cross radio telescope has already started. Ahé end of this process, the
resulting telescope will allow us to perform LOFAR test obsegations. This kind of test
would demonstrate that it is possible to connect in real timeéhe Medicina Northern Cross
telescope with LOFAR stations in the Netherlands. In addibn the Medicina observatory
will extend geographically the network of LOFAR remote stabns by increasing the LOFAR
telescope baseline. In fact, Medicina is an ideal site forghnstallation of a standard LOFAR
station since it is already equipped with fast optical berinks and thus provides the desirable
environment to host this kind of equipment.

Involved IRA Scientists, Technicians and Collaborators:G. Brunetti, E. Carretti, K.-H.
Mack, J. Monari, S. Montebugnoli, G. Naldi, F. Perini, T. Venturi, D. Dallacasa, G. Gio-
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vannini, G. Setti.

10.7. Development of New Multi-Tasking Spectrometers
10.7.1. SPECTRA-1

The new hardware system SPECTRA 1 (SPECTRum Analizer 1) is aodular programmable,
general purpose back-end for radio telescopes, able to mést requirements of di erent

kinds of applications (spectrometry, polarimetry, radar étection, etc.). The implementa-
tion of such a device obviates the need to install separate dkaends dedicated to single
acquisition tasks.

This approach reduces expenses and makes available more gach and exible (recon g-
urable) back-ends. This has become possible due to the usaminnovative electronic device
- the Field Programmable Gate Array (FPGA) - which can provig large amounts of digital
hardware resouces on the same chip. SPECTRA-1 (Figure 30)sha compact design and
runs at very high speeds.

The observations performed by using SPECTRA-1 also includgpectroscopy with the pos-
sibility to compensate a large range of Doppler shifts. Thedgk-end, together with new
low-noise 22 GHz receiver mounted on the 32-m antenna of Meidia, allows astronomers
more e cient observations than was possible with previouscipment.

The system is modular: up to 4 data-acquisition boards can badded if required: the
parallel use of more boards allows the increase of both theirt bandwidth and the number
of channels. One particular feature of this system is the paliel real-time FFT (bandwidth <
400 MHz) and the use of KL transforms. This characteristic edd play a fundamental role,
either for basic line observations or for future applicatios, when an even higher processing
speed and computing power is required to enable an enhancemm quality of real-time
complex algorithms.

Involved IRA Scientists, Technicians and CollaboratorsS. Montebugnoli, L. Zoni, M. Bar-
tolini, M. Cecchi.

10.7.2. BEE-2

The BEE2 system is designed to be a modular, scalable Fielddgrammable Gate Array
(FPGA)-based computing platform with a software design mdtodology that targets a wide
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range of high-performance applications, such as:
- Real-time radio telescope signal processing
- Cognitive radio systems
- Hyperspectral image processing
- E & M antenna simulation
- Bioinformatic sequence matching
- Simulation of large-scale, ad-hoc and traditional netwés
- ECAD tool acceleration
- Scienti ¢ computing
- Computer architecture emulation

The modular system architecture can not only provide a redtion in overall cost and design
time by orders of magnitude, but also closely tracks the egrldoption of state-of-the-art IC
fabrication by FPGA vendors. Users of the BEEZ2 have the freedh to choose the appropriate
number of computational modules needed to tackle the appéiton at hand, and to rapidly
recon gure to a di erent application.

The BEEZ2 is a general-purpose processing module based on high-performance Xilinx
FPGAs (Virtex Il Pro 70). In addition to the large amount of processing fabric provided by
the FPGASs, the BEE2 also provides up to 20 Gb/s of high-spee@@DR2 DRAM memory.
Each of the ve FPGAs has four independent channels to DDR2 MMs which provides
very high memory bandwidth. Finally, the FPGAs on the BEE2 ae highly connected with
both high-speed, serial and parallel links.

The FPGAs are laid out in a star topology with four user FPGAsm a ring and one control
FPGA connected to each user. The user FPGAs each have four @pendent high-speed serial
channels (4 bonded MGTSs) which are capable of transfering aat 10 Gb/s through CX4
connectors (both copper and ber). The user FPGA ring consis of parallel connections
of 138 high-speed LVCMOS traces between the FPGAs which caanrat a maximum of
400 Mb/s. The control FPGA has two high-speed serial chanrgl 64 LVCMOS traces to
each user FPGA, and connections to common peripherals such /100 ethernet, USB 1.1,
RS232 serial, DVI, and GPIOs.

Involved IRA Scientists, Technicians and CollaboratorsS. Montebugnoli, L. Zoni, M. Bar-
tolini.
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11. THE ALMA REGIONAL CENTER - ARC

The Atacama Large Millimeter Array (ALMA) is presently under construction at the Llano
de Chajnantor (5000 m elevation) in Northern Chile, and is jginned to start operations in
2010. The philosophy is that any astronomer should be able tarry out observations with
the array, regardless of previous experience with mm-inferometry. Extensive user support
is thus essential, and will be provided by the so-called ALMARegional Centers (ARCs), one
of which is being set up by each of the project partners (EU, USapan). In Europe ESO
will provide the primary support tasks, from proposal prepeation to delivery of (pipeline-)
calibrated data products. Further user support (see belowyill be provided by a network of
6 national support nodes, also known as \ARClets".

The IRA has agreed to host the Italian node, at the request ofra nanced by INAF.
The ARClet will provide face-to-face support on scienti c ad technical matters to users
of the Italian and International community. In particular, its tasks are to help ALMA
users with calibration and advanced data reduction, and toelelop algorithms and speci c
procedures. Although the nodes of the network will closelyottaborate, each node has
selected an expertise on which it is expected to provide sumpin a speci c area. The Italian
ARC intends to specialize in the development of mosaicingdeniques and the treatment of
polarization data. In addition it will explore GRID-technology to optimize the resources of
the various nodes.

The ARC will also stimulate use of ALMA among the Italian comnunity, through the
organization of schools and workshops, and by helping to dee nation-wide scienti ¢ projects
of common interest. In order to be able to full Il these tasksthe ARClet requires the presence
of sta with experience in mm-astronomy, interferometric éta reduction techniques, and
software. These tasks should be carried out by personnel mng-term contracts to ensure
continuity in the operations. Furthermore, large data-stoage capacity (ca. 100 Tb) and
adequate computer power are also necessary.

At present, one post-doc is working for the ARClet, participting in the testing of the pipeline
data reduction software package (CASA). The original plandresees that once ALMA is
operational the ARClet will have 4 post-docs, 1 system manag and 1 FTE provided by
the IRA scienti c sta. The ARClet is planned to be active for at least 10 years after the
start of ALMA observations.

For further information: http://www.ira.inaf.it/alma/alma.html

Involved IRA Scientists, Technicians and Collaboratorsd. Brand, F. Fontani, K.-H. Mack,
M. Nanni, I. Prandoni, A. Rossetti, A. Zanichelli, L. Gregorini.
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12. SCIENTIFIC ACTIVITY AT THE IRA-FIRENZE

The Firenze section of IRA began in the late 1970's as a CNR titate (Center for infrared
astronomy and the study of the interstellar medium, CAISMI) In 2002, with the rst Italian
research reform, CAISMI was incorporated into IRA with headuarters in Bologna; then in
2004, with the founding of INAF, CAISMI remained part of IRA as a geographically distinct
component residing within the Arcetri Astrophysical Obsevatory in Florence.

The science conducted at IRA-Firenze still retains its histrical origins. Galactic and ex-
tragalactic research are performed mainly in the long-walength context, and technological
e ort is concentrated on the development and constructionfanultibeam radio receivers and
components at mm wavelengths. Recent developments haveluted more intense involve-
ment with Herschel, the ESA infrared satellite to be launclhe next year.
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13. GALACTIC RESEARCH
13.1. The Jet/Disk Systems in Low- and High-Mass Young Stell ar Objects

In the 2004-2007 period, we have studied the earliest phas#sthe star forming process,
when new stars are still deeply embedded in high-density rstclumps and when there is a
close interaction between the mass loss process and the amnbigas. In particular, jets are
believed to play a role in removing angular momentum from theircumstellar disk, allowing
accretion onto the central star. Jets/disks/out ows systens have been studied through high
angular resolution observations (single-dish and intemfemeter) at submm-, mm-, and cm-
wavelengths (line and continuum) of a large sample of YSOs,amly using the IRAM (30-m
and PdBI), JCMT, and VLA antennas.

13.1.1. Chemically Rich Out ows

We investigated the chemical enrichment of the gas asso@dtwith molecular out ows. The
abundance of several molecules dramatically increases asomsequence of the passage of
the shocks. Typical examples are SiO, GJ®H, H,S, SO, SQ, H,S, and OCS, which emit
at submm- and mm-wavelengths and trace high-temperature gons. The analysis of the
data has allowed us to propose criteria, based on line prodeand abundance ratios, aimed
at identifying the evolutionary stage of the protostellar djects. The work done can be
considered as the rst step to de ne a new class of protostgrse. Class 0 objects which are
su ciently evolved to drive chemically rich out ows.

13.1.2. Molecular Jets and High-Velocity Bullets from Pratstars

We performed a SiO multiline analysis of the high velocity biets along the out ows of Class
0 sources. The main physical parameters have been computedmparing them with those
derived by other tracers of warm and dense gas and with moddts the SiO excitation in
shocks. The velocity structure and the variations of physat parameters with the velocity
very closely resemble those found in optical/IR jets near #hprotostar (see Figure 31), sug-
gesting that similar launching and excitation mechanismsra also at the origin of collimated
jets seen at mm-wavelengths.
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13.1.3. The Birth of High-Mass Stars

Theory predicts and observations con rm that low-mass sta in their early life grow by
accreting gas from the surrounding material. But for high-rass protostars, the powerful
stellar radiation is expected to inhibit accretion and thudimit their growth. Clearly, high-
mass stars exist, so there must be a way for them to form. We airevestigating a sample of
high-mass protostars through tracers of the di erent ingrdients expected in a typical star
formation recipe (see Figure 32). The detection of rotatingisks and toroids indicates that
the solution is best represented by non-spherical accratiowhich allows some of the stellar
photons to escape along the symmetry axis where the density/lower.

13.2. Theoretical Radiative Transfer for Polarized Light i n non-LTE Stellar
Atmospheres

After the publication of the book Polarization in Spectral lines (Landi degl'lnnocenti &
Landol 2004, ASSL, 307), it became evident that its formaBm was not as completely
general as previously thought. Speci cally, coherence pm@mena in the scattering process
are not taken into account. In the last few years, we have beaxpending much e ort to
mitigate these limitations by applying the powerful technques of quantum eld theory to
atomic spectroscopy (Landi et al. 2007, in preparation).

13.3. Metal Abundance Gradients in the Galaxy with Planetar y Nebulae

The existence of chemical abundance gradients in the Galaxtlisk has long been established;
they comprise the main constraints of chemical evolution naels for the Milky Way. Various
kinds of objects can serve to probe the metallicity acrossetGalaxy. Our work has focused on
galactic Planetary Nebulae (PNe) and on oxygen, becausestthe best and more extensively
studied heavy element in PNe. Our analysis shows a atter tred of the radial gradient than
formerly found. The determination of abundance gradientsn any case, is very sensitive to
uncertainties on data and homogeneity of the given sample farther work is in progress to
assess the validity of our result.

Involved IRA Scientists, Technicians and CollaboratorsC. Codella, M. Landi degli Inno-
centi, L. Morbidelli, L. Olmi, F. Palagi, P. Patriarchi
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14. EXTRAGALACTIC RESEARCH
14.1. Extinction and Emission by Dust in Spiral Galaxies

A numerical code has been developed to study radiation trafies in a dusty medium. Though
of general applicability, the main aim of the code is to simale internal extinction and dust
emission in spiral galaxies (see Figure 33). As a rst appation, the models have been tted
to optical and near-infrared observations of seven edge-galaxies, in order to retrieve the
intrinsic properties of the stellar and dust distributions(Bianchi 2007, A&A 471, 765).

In an ongoing collaboration with researchers from Greeceglium, UK and USA, simula-

tions will be further constrained using observations of dagemission from sub-mm and FIR

instruments. Observations from the satellite Spitzer of aanple of nearby galaxies have
already been secured, and a Key Project proposal is being tten to use the future satellite

Herschel. Within this collaboration, the European SciencBoundation has granted funds for
the organization of an Exploratory Workshop, held in May 200.

14.2. Molecular Gas in Galaxies with Active Nuclei

To better understand how active galactic nuclei are triggexd and fueled, in an ongoing col-
laboration with the Spain, France, and Germany, we have begparticipating in a survey

with the Plateau de Bure Inteferometer (PdBI) of the molecudr gas distributions [CO(1-0),

CO(2-1)] of nearby active galaxies (NUGA). The high sensitity and high spatial resolution

a orded by the PdBI telescope enables detailed studies of ¢hmorphology and kinematics
of circumnuclear molecular gas. So far, we have not found aigune mechanism for an-
gular momentum transfer of circumnuclear gas around AGN: selts indicate a variety of

morphologies (one- and two-armed instabilities, well-oeded rings and nuclear spirals, cir-
cumnuclear lopsidedness, and large-scale bars: GarciardBa et al. 2003, A&A 407, 485;

Combes et al. 2004, A&A 414, 857; Garcia-Burillo et al. 2008&A 441, 1011; Krips et al.

2005, A&A 442, 479, - 2007, A&A 468, 63; Boone et al. 2007, A&A'4, 13). The only case
to date for which there is evidence for gas in ow through sysmatically negative torques
on the gas is NGC 2782, where a series of nested (gas) bars #&vety funnels gas to the

innermost regions (see Figure 34).
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14.3. Supernova Rate and Stellar Populations

The system producing the explosion of type la Supernovae isreently unknown. The depen-
dence of the SN rate with the parent stellar population can besed to identify the progenitor
by measuring the distribution of delay times between the fonation of the progenitor and its
explosion as type la SNe. In a series of papers (Mannucci et 2005, A&A 433, 807, - 2006,
MNRAS 370, 773, - 2007, MNRAS 377, 1229) we have addresseddbpendence of the rates
with color, morphology, star formation rate, radio luminogy and environment of the parent
galaxies. One of the most important conclusions is that typé&a SNe must be produced by
both young and old stellar systems: 10-50% of the progeniteystems must explode within
1C° years from formation, a timescale similar to that of the coreollapse SNe, while the rest
must explode over much longer timescales, a few Gyrs. ThisHaiour identi es a mass
threshold of the progenitor star of about 5.5 Msun at which bib the e ciency and the
timescale must change drastically. The existence of such bhifodality" among type la Sne
was chosen by Nature as a \scienti ¢ highlight".

14.4. Low-Metallicity Star Formation

The rst generation of galaxies formed at very early epochsichemically unenriched envi-
ronments. Theory suggests that these early objects were dinanlike the luminous massive
elliptical and spiral galaxies in the current epoch. Such sall metal-poor objects are still
unobservable at high redshifts, even with the most powerfalbservational facilities currently
available. However, there is a class of local, rare, object$ose properties resemble those
predicted for primordial ones: the low-metallicity dwarf @laxies. Their low metal abun-
dances are roughly intermediate between zero-metallicifrimordial conditions and those in
the solar neighborhood, and we can use them as observatiopaebbes of the transition from
zero-metallicity to the current stage of chemical evolutio in our Galaxy.

For several years now, we have been studying low-metallicitlwarf galaxies from infrared
(IR) to radio wavelengths. The IR spectral regime is extreng important, because of the
ubiquity of dust in the early universe. Although primordial star formation took place in
zero-metal interstellar gas, there is evidence for conspaus amounts of dust even at red-
shifts of 6 or more. The only way dust could have been producesd quickly is through
supernovae resulting from the core collapse of massive stalOur group has been involved
with theoretical modelling of primordial dust (see below)and we have published some of the
few observational studies at IR (e.g., see Figure 35) and riadvavelengths of low metallicity
star formation in the local universe (Hunt et al. 2004, ApJ 66, 853; Hirashita & Hunt 2004,
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A&A 421, 555; Hunt et al. 2005a, A&A 434, 849, - 2005b, A&A 43@37; Hunt & Maiolino
2005, ApJ 626, L15; Hirashita & Hunt 2006, A&A 460, 67; Hunt eal. 2006, ApJ 653, 222;
Wu et al. 2007, ApJ 662, 952).

14.5. Dust Formation and Evolution in a Cosmological Contex t

The properties of dust grains predicted to form in the ejectaf supernovae (SNe) have been
studied and modelled. This is a mechanism which could prodeiclust grains in a short time
(< 1Gyr) and thus explain the observations supporting the presmce of dust in objects at z

6. The extinction properties of grains from models of SN dugbrmation has been found
to match the extinction law observed in a QSO at z=6.2 (Maioho et al. 2004, Nature
431, 533). Models of dust survival in SN ejecta have shown thanly a fraction ( 10%) of
dust grains formed in a SN survives the evolution of the ejext(Bianchi & Schneider 2007,
MNRAS 378, 973).

Dust grains produced in galaxies could escape into the IGMpofute it with metals while
eroded by collisions with gas atoms, and partially contribie to the observed metalicities
(Bianchi & Ferrara 2005, MNRAS 358, 379).

14.6. Metallicity and Dynamics of Galaxies at z >3

We are working on two high-redshift projects, LSD (Lyman-beak galaxies Stellar popu-
lations and Dynamics) and AMAZE (Assessing the Mass Abundae redshift Evolution),
aimed at studying the chemical, dynamical and morphologit@volution of galaxies at 2 3.
These projects are based on deep near-infrared spectroscabservations of a sample of 40
Lyman-Break Galaxies (LBGs) with the integral- eld unit SINFONI on ESO/VLT. These
deep spectra are used to obtain information on two related Bjects:

() - Metallicity is inferred from emission lines, and stelr mass from the multiwavelength
(from 0.3 to 8 micron) photometry. This allows us to study theevolution of the mass-
metallicity relation at z>3 and compare it with the same relation at lower redshift. Edy
results show a strong evolution from z=2 to z=3, and this can & compared with the ex-
pectations of recent models of galaxy evolution involvingtedlar winds, AGN feedback and
galaxy merging.

(i) - the VLT adaptive-optics module was used to obtained dep, spatially resolved, IFU
spectra of 10 of these LBGs. Optical line widths and velocitynaps are used to obtain both
virial and dynamical mass for these objects (see Figure 36)n this case the mass of the
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dark halo can also be measured and compared with the resultstbe cosmological models.

Involved IRA Scientists, Technicians and CollaboratorsS. Bianchi, M.L. Bruscoli, L. Hunt,
F. Mannucci
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15. TECHNOLOGICAL ACTIVITY

The main activity of IRA-Firenze is devoted to the developmet and construction of multi-
beam cooled radio receivers for the millimeter band. The usd# a multibeam receiver is
crucial for increased antenna observing e ciency. In factthis e ciency depends both on
the the number of receivers and their noise performance. Npwstate-of-the-art low-noise
ampli ers achieve such low noise temperatures that the onlyway to improve performance is
through multibeam receivers. To this end, IRA-Firenze is péicipating in EU FP programs
including Faraday, the realization of a high performance 186 GHz 7-beam cooled receiver
(front-end and cryogenics, see Figure 37), and Pharos, a&plane array with 4 synthesized
beam for the 4-8 GHz band (window and cryogenics).

A second area of development regards novel passive frontdé€polarizers, Ortho-Mode Trans-
ducers (OMTSs), etc.) in order to lower the cost involved in tle mass production required
by multibeam receivers. Specic activities include the dedopment and construction of
high performance microwave passive components such as egated feed horns, circular and
rectangular waveguide couplers, polarizers and OMTs. |IRRienze is also conducting a
feasibility study of integrated front-ends for high frequacy (35-90 GHz) applications.

IRA-Firenze is also involved in several new observing fatiés under construction or recently
commissioned

- Sardinia Radio Telescope (SRT): Responsability for the ¢ipal/em analysis of antenna
performance and gures-of-merit, and supervision of comsiction of the beam wave guide
mirrors.

- BLAST (Balloon-borne Large Aperture Submillimeter Telesope): the thermal analysis of
the telescope, development of novel methods for near- eldaginostics, and preparation for
the long-duration ights of 2005 and 2006.

- XNICS/TNG: Support and development of the software for XNCS (near-infrared cam-
era/spectrograph).

- AOS/LBT: Development of the software for AOS (adaptive opical system) support at
LBT (Large Binocular Telescope).

- MUSTANG/GBT: Involvement in the testing and scienti ¢ use of the 3mm bolometer array
of the GBT, MUSTANG, which has recently seen rst light and wil go through an intensive
testing and commissioning period next winter, 2007/2008.
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- Antarctic 12-m telescope: Participation in the analysis fovarious scienti ¢ and technical
aspects of a proposal for a 12m submillimeter/mid-infraretkelescope to be situated at the
Italian/French base Concordia at Dome C, on the Antarctic Phteau.

Involved IRA Scientists, Technicians and Collaborators:V. Gavryusev, A. Lorenzani, L.
Morbidelli, E. Natale, L. Olmi
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16. HERSCHEL MISSION

IRA-Firenze participates in the instrument development fo Herschel (see Figure 38 for an
artist's impression of the Herschel satellite) in several ays:

- In the design and realization (in collaboration with the irdustry) of the optics and elec-
tronics to interface with the dewar/cooled optics for the WileBand Spectrometer PACS (PlI:
R. Schieder of KOSMA). The components were delivered to KOSMin June 2005 and the
last calibrations in Cologne were performed in December 200

- In the photometric and spectral calibration of PACS, a 5020 micron imager/spectrometer
on board the ESA cornerstone mission Herschel. In early 208Gest calibration was per-
formed in Florence with satisfactory results. After furthe improvements and ne tuning, in

September 2006, the apparatus was transported to the MPE ingéching where the calibra-
tion of the Flight Model was successfully between end 2007 dbeginning of 2008.

- A full-time researcher participates in the Instrument Cotrol Center in the context of the
HIFI pipeline. This participation will end in March, 2010.

16.1. Research for the Herschel Mission

- Over the last three years, IRA Firenze has been involved irhé preparation of the Guar-
anteed Time Observations (GTOs) planned with the instrumets mounted on the Herschel
satellite, which will be launched in 2008. In particular, weare preparing the observations
regarding two HIFI-PACS GT Key Programmes: (i) Water and (i) Unbiased Spectral Sur-
vey. Line intensity predictions have been derived by usinghgsical and chemical models.
Preparatory ground-based observations have been also penfied.

- On the extragalactic side, we are co-Is on the Herschel Op&me Key Projects KINGFISH

(Key Insights into Nearby Galaxies: Far-Infrared Survey wh Herschel), the follow-up of the
SINGS survey with Spitzer (Pl R. Kennicutt, Cambridge), andHICS (Herschel Infrared
Cluster Survey), a survey of nearby clusters of galaxies (Bl Davies, Cardi ). The deadline
for these GO Key Projects is 25 October 2007.

Involved IRA Scientists, Technicians and CollaboratorsA. Lorenzani, E. Natale, L. Mor-
bidelli, S. Bianchi, L. Hunt
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Fig. 1.]| The normalized di erential source counts at 1.4 GHz derived from the existing
radio surveys - Courtesy of I. Prandoni.
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Fig. 2.] A montage of various examples of radio and optical mophologies in the VLA-VVDS
survey. Radio contours at 1.4 GHz are superimposed on the aatl images - Courtesy of P.
Ciliegi and M. Bondi.
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Fig. 3.| ROSAT X-ray color image of the NEP region. The colors encode the X-ray energy
with red and yellow for 0.11{0.40 keV, green 0.40{1.0 keV, arblue and purple for 1.0{2.40
energy photons. White implies bright sources in the 0.40@.and/or 1.5-2.4 keV bands. Note
that only the brighter two-thirds of the NEP sources are appeent in this particular image
(from Voges et al. 2001).
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Fig. 4. Radio image of the galaxy NGC 326 and radio spectra ofselected regions in the
source. The di erent curvatures of the spectra indicate theli erent ages of the various parts
of the radio galaxy: stronger curvature indicates older rad emitting material. Note that
outer regions are, as expected, older than the inner parts -0Grtesy of M. Murgia.
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Fig. 5. VLA D-array map of J1343+3758 at 4860 MHz convolved to an angular resolution
of 20°° 2(P%and overlaid on the optical eld from the Digital Sky Survey. The Iinepar size is
3.14 Mpc (H, = 50 km s * Mpc 1). The contour levels are spaced by factors of 2. The
rst contour is 40 Jy/beam. The compact 1.16 mJy radio core coincides with thegpent
galaxy position (from Jamrozy et al. 2005).
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Fig. 6.] (Left): GMRT 610 MHz contours (green) of the extended radio emissioin
RCXJ1314.4-2515 (z=0.2439) overlaid on the ASCA X-ray eng®n (colors). Two elongated
relics and one radio halo are clearly visiblgRight): The giant radio halo in RXCJ2003.5-
2323 at 610 MHz. The cluster redshift is 0.3171, and the hala$ a largest linear size of 1.4
Mpc (from Venturi et al. 2007).
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Fig. 7.] The lled triangles indicate the NEP distant cluste r radio luminosity function
while the open pentagons and crosses represent the RLFs dafdoclusters by Fanti et al.
(1984) and Ledlow & Owen (1996), respectively. A clear evdian of the distant cluster RLF
is evident (from Branchesi et al. 2006).
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Fig. 8. (Left): High Sensitivity Array observations of Markarian 501, wtsh reveal the one-
sided jet out to several 100 pc(Right): A closer look at the inner jet region using VSOP:
a limb-brightened structure is well visible thanks to the hgher resolution (from Giroletti et
al. 2004).
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Fig. 9.] Relativistic parsec-scale jets in low (Top: 3C 66B) and high Bottom: 3C 452)
power radio galaxies from the sample of Giovannini et al. (2Q).

Fig. 10.| Contours showing the hot spot location in the westan lobe of 4C31.04 at two
epochs separated by ve years. The 0.8 mas displacement over ve years corresponds to a
source age of 550 years (from Giroletti et al. 2003).
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Fig. 11.| NGC 4278, a Low Power Compact source with parsec-sde jets that are unable
to form a large scale structure (from Giroletti et al. 2005).
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Fig. 12.| The inner structure of 1144+35B, which could be formed in a new phase of nuclear
activity, while a previous one could be responsible for thearge scale emission (extending
beyond the borders of this image) (from Giovannini et al. 199.
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Fig. 13.| The VLBA image at 8.4 GHz of the high luminosity compact steep-spectrum
guasars B1524-136 restored with a circular beam of 6 mas. Fhobservation reveals well-
de ned radio jets on both sides of an active nucleus (from Maovani et al. 2002).
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Fig. 14.| VLBI map of ON 231 at 5 GHz. The contour levels are -15, 1.5, 3, 6, 10, 15, 20,
30, 50, 70, 100, 150 mJy. The peak brightness is 170.17 mJydbe The beam is 3.8 1.4
mas’ at PA=13 deg (from Massaro et al. 2001).
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Observations of the HII region RCW79
at various wavelengths

- in orange (infared): the dust shell that surrounds the HII region RCW72
- in blue: the ionized hydrogen that fills the HII region

- the yellow contours (millimeter wavelengths) show cold dust condensations

Near -infared image of one condensation
(NTT - ESO) - This region includes
a second-generation HII region.

Fig. 15.| RCW79. Cold dust condensations seen in the mm-conhuum mark the presence
of dense swept-up gas at the borders of the ionized hydrogesgion RCW79. The inset
shows a NIR image of a cluster of stars, embedded in one of theger condensations. Stars
of this cluster excite an ultra compact HIl region (from Zavgno et al. 2006).



17 FIGURES 67

T T T T
B8B8°1800" - : e
| 3
3 ! 5 0 N -
o S ry LA Y T B oot i
68°17'50" | {3 A 4
L [ o o J
- - F o 1
— = =
o
b= L : J
o 1 o
& BgR® ol ke
S 88°1740 A W 7
L & £
l: ko el 2k ! )
g CB230-B.C \ & 4 =
g i g N 25 § g
=1 I J:e’..'f :'in 15 il M —A g
$ 68°1730" |- e i, TS T .
¥ i o T
L ,g,.’la,a!,irﬂ, e e '
i T o P b T
= i Al I | e S -
i et ) Flgm e
L “Ril Pt | \ Uil oy O T 4
AT iyt ol i i
B ’r'r"",'. it e A T
o ] [ i i i £ il T i | Fi | |
68°17'20 PUTC el A
e e Y ] 1] e
i e T WL iRyt ) i
4 i N 4y |
R G e A 1
| i e i
L] 1 ) Y ~ [
- 1 J \ Fa 4 ’.-' i } e
el o d
68°1710" = T F A oyl i e e g -
21"17™42% 40% 38% 36%0

right ascension (J2000)

Fig. 16.| Globule CB230. The contours show the red- and blueshifted lobes of the root of
the large-scale bipolar out ow driven by the embedded Youn§tellar Object (YSO; indicated
by CB230-A). The greyscale shows the [Fell] line emission tife jet originating from the
YSO. Note that jet and large-scale ow have the same orientain, but that the molecular
ow deviates to the West at larger distance from the YSO. Thismay be due to density
inhomogeneities in the gas in the globule, or to precessiohtbe jet. The jet is mono-polar;
its counterpart, which would drive the red lobe of the largescale out ow, is presumably
obscured by the material around the YSO. This could happen the ow axis is tilted with
respect to the plane of the sky - Courtesy of J. Brand.
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Fig. 17.| False-colour image (combination of the NIR J-, H-, and K-band images) of the
star cluster associated with WB89-789 (IRAS06145+1455)@dm Brand & Wouterloot 2007).

Fig. 18.] Map of the integrated CO(3-2) wing emission, showng the red- and blue- shifted
lobes of the molecular out ow associated with WB89-789. Th&RAS position is at o set
(0,0); the triangle marks the peak of the 850 m dust continuum emission. The underlying
image is the K-band frame of the region. Contours (black) ardrawn to highlight two
extended features near o sets (19, -3°°) and (-16%, 4%), seen as red spots in Fig. 16, that
might mark the spots where the out ow impacts with the ambieh medium (from Brand &

Wouterloot 2007).
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Fig. 19.| Medicina water maser observations of L1204-G. Flx density is shown in colour-
scale as a function of velocity and time. The time range shows Dec. 1989 to Feb. 2007.
The dashed line indicates the systemic velocity of the stdorming region. From diagrams
like this one can easily identify bursts and accelerating atecelerating maser components -
Courtesy of J. Brand.
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Fig. 20.] RX Boo. All the maser components found with the VLA p lotted on the sky.
Each component is represented by a symbol and a circle whosandeter is logarithmically
proportional to the ux density of the component. The epochsare represented by di erent
symbols: 1990 February by small circles; 1990 June by assis; 1991 October by plus signs;
1992 December by crosses. The circles around the componets colour coded according
to the line-of-sight velocity of the component, i.e. the “rdial velocity' minus the stellar
systemic velocity (+1 km/s). A circle (dashed) has been ttal to the components on the arc
and the origin has been moved to the center of this circle. Théed dark red circle at the
origin symbolizes the central star with a diameter of 19 masCourtesy of J. Brand.
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Fig. 21.| (Left): (a) Expectation for the synchrotron and Inverse Compton erasions from
a Coma-like galaxy cluster, according to the magneto-someacceleration mechanism and for
various epochs (from Cassano & Brunetti 2005)Right): (b) Expectation for the radio-halo
luminosity function (Cassano, Brunetti & Setti 2006), for \arious assumed con gurations of
the magnetic elds within a cluster, compared with an estimge from En lin & Rettgering
(2002) (from Cassano, Brunetti & Setti 2006).

Fig. 22.| A simulated datacube of 80 Mpc on a side, showing: pojected X-ray luminos-
ity (left), thermalized kinetic energy through shocks (ceter) and shock strength (right) -
Courtesy of F. Vazza.
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Fig. 23.| Evolution of accretion shocks around a massive galxy cluster, from z=1.0 (upper
left corner) to z=0.0 (bottom center) - Courtesy of F. Vazza.
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Fig. 24.| Relative geodetic velocity vectors in the Italian area obtained subtracting Wettzell
ITRF velocity to the GPS-estimated vectors. The map also cdains information concerning
the main tectonics features of the area (from Di Martino et al2007).
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Fig. 25.| Echo from a probable sub-centimetric space debrisdetected in the frequency
domain during the beam-parking observation at an height of & km.
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Fig. 26.] The water spectral line of Comet Hyakutake (Cosmovuci et al. 1998).
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Fig. 27.] (Left) Primary focus agility system;(Right) Secondary focus agility system.

Fig. 28.| (Left) MMIC-LNA, 3.2 2.25 mm;(Right) Actuators for the Active Surface sys-
tem.
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Fig. 29.] MK5 (Left) and rst fringes (Right) with the e-VLBI system.

Fig. 30.| The SPECTRA-1 main board.
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Fig. 31.| Maps of the Class 0 HH212 out ow in SiO(2-1) (shown in left panel) and (5-

4) (right) line emission (from Codella et al. 2007). The unprcedented angular resolution
(0.34 arcsec) allows accurate comparison with a deep H2 inea@olour image in panels a,b)
obtained at the VLT. The SiO emission (contours) is con ned ¢ a highly-collimated bipolar

jet, traced down to 500 AU of the driving source MM1 (colour image in panels c).
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Fig. 32.| (a) (top) Map of the protostar G24 Al in the NH3(2,2) line (colour image). Black

(white) contours indicate emission (absorption). The bldcarrows indicate the direction of

the bipolar out ow; the disk plane is denoted by the yellow he. (b) (bottom) Map of G24

Al in the CH3CN(12-11) line (image and contours). The colouscale corresponds to the
velocity eld of the toroid in G24 Al (from Beltran et al. 2006).
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Fig. 33.| Radiative transfer simulation of a disk galaxy wit h a bulge (B/T=0.3) seen nearly
edge-on (i=85). Most of the dust (75%) is distributed in spherical clouds radelled on the
properties of galactic GMCs, and 50% of the stellar emissi@omes from within clouds. The
top image is an RGB image of dust extinguished stellar radietn (Red=R-band, G=V-band,
Blue=B-band); the bottom image is an RGB image of dust emissh (R=850 m, G=170 m,
B=70 m). Although future infrared instrumentation will only have a limited resolution, the
high spatial resolution of the model is needed for a correcedvation of the dusty SED and
of color gradients - Courtesy of S. Bianchi.
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Fig. 34.] CO(1-0) from the PdeBlI uinterferometer contoured over residuals from a bulge-
to-disk decomposition of the Spitzer 3.6 image of NGC 2782. The 3.6 residuals (shown
in false color) indicate a stellar bar, together with a stedir spiral arm to the south, in neat
correspondence with the molecular gasbar traced by CO(1-0Courtesy of L. Hunt.
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Fig. 35.| Spitzer/IRS spectrum of Haro3, a low-metallicity (30% solar) blue compact dwarf
galaxy. The PAH emission is clearly evident, as expected atit relatively high abundance,
as are several ne structure lines. The rising spectrum is pycal of young star clusters
embedded in a cocoon of dust - Courtesy of L. Hunt.
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Fig. 36.] Results of the 3D spectroscopy of one LBG at z=3.19. The top panels show
the ux (left), velocity (middle), and velocity dispersion (right) maps of the [OI11]5007 line,
redshifted to z=2.09 . The full dimensions of the images are 1.2.9 arcsec. The bottom
panels show the extraction of a 1D pro le along the white syiietic slit marked on the map
in the top panel. Velocities are in units of km sec' - Courtesy of F. Mannucci.
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Fig. 37.| The 7-beam focal-plane array for the 18-26 Ghz bandeing constructed at IRA-
Firenze - Courtesy of E. Natale.
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Fig. 38.| Artist's impression of the Herschel satellite to be launched in 2008. It will be the
largest space telescope of its kind when launched, and wi# the only space observatory to
cover the spectral range from far-IR to sub-millimetre wavengths - Web Image



