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This report presents  a collection of the most important scientific works realized by the members of the Physics 

Department of the University of Trento in the years 2006, 2007 and 2008 and published in highly reputed journals of 

Physics. 
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THE PHYSICS DEPARTMENT 

 

Research in Physics at the University of Trento started in 1973, when the Faculty of Science was 

created. Since then, the scope and breadth of research at the Department of Physics have 

continuously been growing.  Now the Department includes more than 40 faculty members, more 

than 30 PhD students, a large number of post-docs and visiting scientists, and about 30 professional 

staff.  

 

The Physics Department strives to balance high quality education with outstanding research. The 

diversity of our programs offers a wide range of research options for our students. In addition to 

courses provided for students progressing toward a B.S. and Master in Physics, the Department 

offers service courses to both the Faculties of Science and Engineering.  

 

The recent years have been very productive for our Department, in both quantity and quality. This is 

also testified by the level of funding that the Department has been awarded by the independent 

referees of external funding agencies. External funding agencies include INFN (Istituto Nazionale 

di Fisica Nucleare), INFM (Istituto Nazionale per la Fisica della Materia), CNR (Consiglio 

Nazionale delle Ricerche), ASI (Agenzia Spaziale Italiana), ESA (European Space Agency), EU 

(European Union), as well as several commercial companies.  

 

Collaboration with foreign universities and research institutes has strengthened as our research 

activities have achieved international recognition. A particular reason for satisfaction has been the 

growth of the PhD programme. The number of students has increased and new forms of 

international collaboration between graduate schools (cotutelle des thèses) have been implemented.  

The Department of Physics takes advantage of many fruitful connections with the other departments 

of the University, including new inter-departmental initiatives, as well as with other research 

centers nearby, like the "Fondazione Bruno Kessler", the "Fondazione Edmund Mach", the "Museo 

Tridentino di Scienze Naturali", the "European Centre for Theoretical Studies in Nuclear Physics 

and Related Areas". 
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________________________________________________________________________________________________

 

SCIENTIFIC MISSION 

The LCSF laboratory 

The LCSF laboratory has been founded, in the present 

version, in 2001. It is the continuation and extension of 

the former lab devoted to the didactic of physics whose 

origins dates back to the late 70s. The main aim of the 

LCSF lab is that of finding new, effective routes for 

achieving improved teaching and communication 

methods in physics and, more generally, in science at 

every social and school level. Following quite well 

established and accepted theories and 

experimentations, particular emphasis is devoted to 

hands-on and participated approaches as well as to 

computer-aided visualization and simulation 

techniques. More traditional but technologically 

advanced experimental approaches to modern physics 

are also considered. As said above, all these activities 

are being done and sustained with attention to the full 

range of school levels as well as to non-school 

subjects: social events in permanent or temporary 

exhibitions, science centers, museums. 

Physics and Science for people 

It is not only a matter of fashion. Society needs science 

and wants to meet scientists in order to understand and, 

eventually, appreciate their work. Talking of science 

with non-professionals is a very difficult task. Quite a 

large literature exists about this problem and several 

attempts have been and are being done to provide 

possible solutions in this respect. One could be tempted 

to follow the "easy way" of science spectacularization 

and popularization: i.e. to convert difficult facts in easy 

ones thanks to vivid and simplified experiments and 

short, non-formal tales. This is only a small part of the 

job. Science (including physics) is difficult and must be 

approached via articulated and non trivial paths 

respecting the specific, peculiar cognitive characters of 

students, observers, listeners. One example for all: the 

cognitive evolution of human beings starts with a 

dominant presence of intuitive, sensitive, spontaneous 

learning processes. It is only during years of cerebral 

growth that intuition starts to get enforced by abstract 

reasoning and formal deductive-inductive procedures. 

It is perfectly hopeless to pretend that a untrained brain 

will be able to appreciate a mathematical model, a 

general  physics law or a demonstration experiment 

without a extremely careful and devoted, gradual 

approach. This is what usually schools try to construct 

within their educational programs. A serious problem, 

however, and if possible even more dramatic in the 

italian panorama, is that the level of science education 

has been left for somewhat one whole century very 

well below a minimum threshold of quality, if 

compared with humanistic projects in this same 

context.  At a more general level, science was not 

accessible to people beyond the school experience. So, 

the idea of applying calibrated methodologies, as those 

above mentioned, to various kinds of population is 

barely realized in practical terms. In order to construct 

a new, effective communication channel between 

science and society (non only school) we need 

professionally trained science communicators and 

teachers. Italy is, once again, in bad conditions at the 

present status of the art. Our country does not have, in 

2009, a working and institutionally acknowledged way 

to enroll new teachers (in any field, not only scientific 

teachers)! So, one could easily understand why any 

attempt to provide a better science and culture 

transmission towards school and society is particularly 

a hard challenge in Italy. 

Our laboratory has accepted this challenge. Our way, 

as already mentioned above, is that of adopting new 

communication technologies and of cooperating with 

not-so-usual partners (at least in the framework of 

university research labs), i.e. school teachers and 

science museums. Here, "cooperation" means actual 

condivision of work, ideas, tools, techniques. 
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Cooperation with school teachers characterizes our 

research since the birth of this laboratory. We mention 

that a very large percentage of high school physics 

teachers in our Province was formed attending our 

courses and experimental didactic activities. In the last 

four years, thanks to the project "Lauree Scientifiche" 

(supported by the national education and university 

ministry and the local government), several hundreds 

of physics (and maths) teachers and high school pupils 

made extended experimentation in new learning paths 

devoted to the fruitful connections between laboratory 

activities and mathematical interpretation of observed 

phenomena, such as in the science of sound and in the 

physics of random atomic and nuclear processes. 

Cooperation with museums is another typical way for 

our laboratory to get in touch with people at every 

level. We have built several exhibitions with the Trento 

Science Museum in almost 20 years of collaboration. 

All these events have brought hundreds of thousands of 

visitors to touch with their hands science and physics 

experiments and to discover the power and value of the 

scientific method (on occasion of the World Year 

Physics 2005, the event "I giochi di Einstein" was 

visited by almost 500,000 people in Italy and Poland). 

This cooperation is in continuous growth and will 

consolidate further since the local government has 

approved and will build a Science Center ("Muse", a 

project worth 60 M€). The University of Trento, with 

particular emphasis on the Science Faculty and the 

LCSF lab, has been asked to provide strong support in 

the development of temporary and permanent 

exhibitions to be held in the Muse. 

All you wanted to know about physics and you were 

afraid to ask … 

A non trivial aspect in the scenario of science and 

physics communication deals with the proper choice of 

subjects of study, i.e. what arguments can be 

effectively addressed to raise people’s (students, but 

not only) attention and participation to our projects and 

proposals. As quite a general result one can observe 

that, among others, the pole position in this respect is 

held by (a) how things work (b) frontiers of physics 

(and science in general) and (c) comparison and 

distinction between science and pseudo-science. Our 

main efforts have been devoted to deal with these fields 

of work which, as it should be quite clear, span an 

enormous variety of specific subjects. Yet, one can 

quite easily organize them within the three 

abovementioned groups of arguments. In the first one, 

science and technology become soon deeply mixed. 

This allows for very practical "tales of science", in 

which general theories, laws and models are presented 

along with "working things". People like to know how 

airplanes fly even if this requires to stop and think 

about kinetic theory of gases. Ipods, computers, GPS 

and so permit the (soft) approach to foundations of 

science, from the definition of time to quantum 

particles to general relativity. It is in the second group 

of arguments that these same kinds of subjects (and 

many others) can be addressed from a more general 

viewpoint, i.e. non necessarily relying on technological 

implications. So, one can ask and learn about "how 

light behaves" or "what is a sound wave" trying to get 

in close connection with the most recent advancement 

of science. It is in fact hard to speak about, say, string 

theory, or gravitation, without a minimum confidence 

with the (at least intuitive) representation of a wave and 

its more important properties. Improper, if not wrong 

interpretations of physics fact are often reported in a 

variety of media, from textbooks to internet sites. Even 

more worrying, one has often to deal with completely 

non-scientific (or a-scientific) arguments masked by a 

formal, sounding language making use of apparently 

highly technological terms. These are aspects which 

belongs to the third group of arguments which are of 

concern in our laboratory: the defense and protection of 

citizens (not only students) against frauds and 

deceptions which generate even dangerous conditions  

in the daily life of everyone (when dealing, for 

example, with medicine and human health facts, or 

climate and meteorological studies, to mention a few). 

In very recent times we have also started to cooperate 

with the astrophysics and astronomy branches of our 

discipline, with particular attention to photographic 

techniques and visualization tools for high-school 

teachers/students. 

Selected publications 

- Logiurato F., Gratton L., Oss S., "Making light rays visible in 

3-D". The Physics teacher, 2007, v. 45, n. 1, p. 46-48. 

- Danese B., Oss S., "The medieval made clock out of simple 

materials".  European journal of physics, 2008, v. 29, n. 4, p. 

799-814. 

- L.M. Gratton, T. López-Arias, G. Calzà, S. Oss, "The whiteness 

of things and light scattering", Physics Education 44  14-16 

(2009) 44 411-414 

- Oss S., Defrancesco S., Scoprire la fisica quotidiana, Trento: 

Erickson, 2006. p. 216.  ISBN 88-7946-937-1.  

- S. Defrancesco, L.M. Gratton "Il professor Icetein impara a 

pattinare" (DVD about ice skating physics, English/Italian). 

Provincia Autonoma di Trento (Centro Audiovisivi), 2006 

_______________________________________________________ 

HIGHLIGHTS 

1. LOOKING AT LIGHT 

Try to imagine a lecture in a high school where the 

teacher desires to explain what is light. It seems after 

all that, given the so many words have been spent and 

so many books have been written on this subject, 

everything should go smooth and easily. Now, try to 

ask "simple" questions such as: "here, in the middle of 

my open hand, is there light?". Or "what does it mean 

that that lemon on the desk is yellow?". Or "where does 

the light stop if it comes from a burning candle in a full 

shiny day? After all you can’t see the flame!". Similar 

questions, and several others, could seem in fact trivial 

ones. Quite a surprising result, however, is that a large 

number of students cannot give the correct answer. 

Light is obscure. Not just for students: it comes out that 

the nature of light is far from being neither understood 

nor accepted in its basic, non-quantum formulation by 
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a wide part of population, including quite high level 

technicians, teachers, educators in general. If this could 

be quite a worrying situation, it gets even worse when 

the "official" treatment of light, i.e. its dualistic 

behavior, is accounted for. This is not, and has not to 

be indeed a scandalous point. Speaking of photons and 

of wave-particle duality is limited to the realm of 

physicists and professionals. Is this completely true? Is 

it really impossible to provide, if not definitive, at least 

rigorous, clear and consistent explanations of one of 

the most pervasive physical entity which everyone 

since ever can experience in his/her own life? 

Many attempts have been done, starting from the 

illuminating proposal of the PSSC project (USA, 

1957), to fill the gap between difficult and easy things 

in the physics of light. Some of these attempts have 

been partly successful in the main aim, i.e. to lead to a 

complete picture of this branch of science. In our lab, 

we decided to follow a new route which could support 

the crucial experimental point in the demonstration of 

the actual nature of light, i.e. its visualization. This is 

not a paradox: it turns out that looking at light in the 

proper way is not easy. 

It is well known that light beams and paths can be seen 

thanks to the physical phenomenon of diffusion. Chalk 

powder is a classical approach in this respect. We 

decided to push further in this direction and to develop 

both new ways of visualizing light and to address 

problems of light physics beyond traditional aspects 

related to geometrical (ray) optics. Our method to make 

light rays visibile is a very simple one: just put some 

water fog (mist) in a room or in a fish tank and fire a 

laser beam inside this volume. The path is made 

perfectly visible. The point is that we found out that 

there are many experimental situations in which it is 

absolutely worth observing the paths followed by a 

light beam. As already mentioned above, among them 

one could quite obviously consider quite traditional 

geometric optics case studies. One can easily find 

several references and examples in this respect 

(remember, however, that geometric optics goes 

beyond thin lenses and spherical mirror properties: 

students are often puzzled by the detailed functioning 

of more complex optical systems such as the telescope 

and the microscope. We found that visualizing the light 

path within these systems can be a very enlightening 

experience). Our proposal was rather focused on more 

exotic (yet well-known) properties of light. It consists 

in visualizing light behavior when its wave-particle 

duality plays an explicit, characteristic role. This 

happens, for example, in the "classic" experiment of 

the single or double slit. One is more or less aware of 

the traditional intensity pattern showing up on the 

screen (a real or virtual one). Basically every textbook 

provides vivid pictures of the Young experiment. The 

point, as it is well-known, is that one should be also 

aware that light behaves as a wave when it travels and 

that it behaves as a particle when it is somehow 

detected by hitting the screen. It is the wave-like 

behavior that is captured in terms of variable intensity 

patterns on the detection screen but this is a kind of 

"photograph" of the final event of the light trip. What 

about the travel itself? In our (extremely simple) 

experiments we focus the observer’s attention to the 

wave-like nature of light along its whole trip from the 

source to the screen. Light is not a wave, is neither a 

particle, yet it comes up with a wave fingerprint in 

every place of its path. A particle of light (the photon) 

is then captured or made in a sense evident in the 

detection process (on the screen or CCD or film). Yet, 

we can visualize a continuous wave-like behavior. 

Photographs taken can be very effective in commenting 

on these so intriguing properties of light. We found that 

a direct comparison with the simple formulas needed to 

describe diffraction and/or interference patterns are 

much more easily settled when light can be followed in 

its oscillating journey. 

Diffraction and interference experiments are not the 

only ways for the light to manifest its intrinsic duality 

when interacting with matter. Other examples are 

found, for example, in the study of light interaction 

with ordered pieces of matter, such as in light 

diffraction from crystals. A very basic point of solid 

state physics (and, more generally, of matter-radiation 

interaction) is that of Debye-Schrerrer and Laue 

diffraction of light from crystals and powders. It is also 

well-known that these phenomena require a precise 

insight in several detailed aspects of quantum physics 

and, in fact, of light-matter interaction accounting 

properly for the wave-particle dual nature of light. Yet, 

 
 
Fig.. n. 1 Simulations of Debye-Scherrer scattering of light 

 

 

Fig. n. 2 Mirage caused by a continuously variable refracion 

index 
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we have found that through our "acquarius" 

experiments, also complex diffraction patterns from 

crystals can be quite easily simulated and described for 

a more direct, if not intuitive explanation and 

understanding. Also the nature of white "color" (which 

is not a color at all!) and of mirages have been 

addressed with explicit and special attention for the 

visualization part of important physical facts. Part of 

these experiments have been brought to people’s 

attention on occasion of popular exhibits and school 

events: their spectacularity and the prompt response of 

students were the clear evidence of their effectiveness 

in bringing a new viewpoint in this area of science 

communication and teaching. 

References 

- T.López‐Arias, G.Calzà, L.M.Gratton, S.Oss,  "Mirages in a 

bottle", Phys. Educ. 2009, in print 

- G.Calzà, T.López‐Arias, L.M.Gratton, S.Oss, "Playing with 

refraction", The Physics Teacher, 2009, in print 

- F. Logiurato, L. M. Gratton e S. Oss, "Simulazione ottica della 

di�razione da cristalli secondo Debye-Scherrer", Giornale di 

Fisica della Società Italiana di Fisica, 2009, v.50 n.1, 3-12 

- F. Logiurato, L. M. Gratton e S. Oss, "Simulazione ottica della 

di�razione da cristalli secondo Laue", Giornale di Fisica della 

Società Italiana di Fisica, 2008, v.49 n.4, 241-253 

2. FLYING THINGS 

Look at thousands of passengers boarding every day 

planes which will bring them along routes high in the 

sky all over the world. Imagine what they are thinking 

while they are flying. It could very well be that the 

leading thoughts concern the final destination, the 

reason of the journey. Try to ask them. Quite 

interestingly, the most common answer is "how the 

heck can this piece of iron float in the air?". Yes, it is 

true: quite a common concern (a dramatic one, 

actually) is about the physics laws which allow to a 

very heavy machine to overcome its weight. There 

exist tons of books, web sites, DVDs, magazines, TV 

documentaries which address this subject of science 

and technology. So, one could say that very little 

remains to do and to tell about the physics of flight. As 

quite a typical organization of arguments, physics 

textbooks introduce some basic and elementary ideas 

of the statics of fluids to go quickly towards their 

applications in everyday life. Venturi pipes, Stevino’s 

law, Bernoulli’s theorem, a little bit of Archimede’s 

principle is all one needs to explain how and why 

things heavier than air indeed can flight. Once during a 

take-off I could hear a passenger explaining his 

daughter that the plane was going to lift off thanks to 

its speed. True, but what about a formula 1 racing car 

which, if possible, stays as closer as possible to the 

ground despite its speed? OK, aircraft have wings and 

this must mean something, after all. Speed and wings is 

the winning recipe. But what do wings have to do with 

the lift-off force? Once again, this is quite easy, at least 

looking at several (actually, the large majority of) 

textbooks. What one can usually read is more or less 

the following: wings have a highly non-symmetrical 

section (usually referred to as "airfoil"). The top part of 

the wing is such that air flowing above it must travel a 

longer path than air under the wing surface. There exist 

a infamous "equal time transit principle" according to 

which air above and below the airfoil must encounter at 

the end of its path. As a consequence, air above the 

wing will go faster than air below it. So what? Now it 

comes the general, or better universal Bernoulli’s 

theorem (which is a special rendition of the energy 

conservation principle holding with an inviscid, 

stationary and ideal fluid) according to which higher 

fluid speed means lower pressure and viceversa. It is 

that easy: above the wing high speed, low pressure; 

below the wing low speed, high pressure. 

Consequence: we gain a net upwards force (pressure 

expressed as a vector quantity), better known as 

aerodynamic lift. 

Most of the abovementioned arguments are wrong. 

The equal transit time principle is just a principle 

without any experimental counterpart or, to say it 

clearly, there is no reason at this world to admit that air 

flowing above the airfoil should rejoin air below the 

wing. It doesn’t to anything like this, period. Bernoulli 

theorem is correct, at least when it is correctly applied..  

 

 
To do so, one needs inviscid fluids (but air is viscous) 

and it also needed to apply the theorem along a given 

streamline of fluid. It is maybe a pity that arguments in 

favor of "Bernoulli’s lift" make use of adjacent, yet 

distinct streamlines. Too bad. 

There are further aspects which contribute to make 

things even more confuse when speaking of the physics 

of flight. Think for example to the above mentioned 

argument of the asymmetric airfoil. If it is true that this 

asymmetry is a relevant point in the generation of lift, 

would someone please tell us how can an aerobatic 

plane stay airborne in inverted flight? Or, maybe more 

directly and simply, how can a paper plane fly despite 

its completely symmetric airfoil? 

 
 

Fig. n. 3 “Try to fly”: an interactive exhibition to simulate 

flight and its physical principles 
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Fig. n. 4  Coanda effect on a water jet: a starting point towards the 

downwash of air from a wing 

 

In our lab we decided to attack these problems taking 

particular care of the existing literature and, even more 

importantly, trying to construct a didactic offer 

inclusive of the whole set of methodological tools to be 

used at the aim of telling the pure truth about flying 

machines. So, we adopted a three-fold perspective in 

which one has to (a) use in the correct way the right 

theorems and physical laws, (b) observe facts and 

measure quantities by adopting simple, yet rigorous 

and well-calibrated experiments and (c) try to 

acknowledge that a computer can be of great help in 

settling certain visualization and simulation aspects of 

physical sciences, including the flying branch. 

We had a particularly sounding occasion thanks to the 

already cited "Progetto Lauree Scientifiche" which 

allowed quite a large number of students and teachers 

to get involved in our experiments and labs. There 

exists a detailed diary of these activities (as well as a 

rich collection of references and other sources) at the 

url http://pls2fv.wordpress.com/ (in Italian only). 

Our experiments were selected in order to bring to our 

users the right arguments. It seems surprising that 

entering this world requires a deep revision of basic 

ideas of pressure and weight of a fluid, as well as of 

forces and stresses acting within it. Should someone be 

interested to discover how and why an airplane really 

flies we are ready to provide information and much 

more. Here we limit ourselves to mention the most 

important fact: an airfoil is placed in conditions such 

that it can push downwards even a very large amount 

of air in a relatively small interval of time. This is 

obtained because of the specific, characteristic 

interaction of the airfoil with the moving fluid. 

Moreover, because of the third Newton’s law, we 

expect a reaction to the average force requested to push 

air downwards. This reaction force is the lift acting on 

the airplane. So, why does an airplane fly? Because it 

pushes air downwards. Exactly as it happens when a 

chopper flies Air goes down (thanks to the main rotor 

blades), the helicopter goes up. Easy? Maybe, but why 

this is not clearly stated in hundreds of textbooks and 

other sources? Go figure. 

What about the role of the computer? There can be 

several ones. Our bet is quite a particular one. We use 

many applets and visualization tools, but we also 

developed quite a unusual way to bring students’ and 

people’s attention to flight science and technology. Our 

idea is that of letting people fly their own aircraft in a 

safe, yet participated simulation game. "Flight 

simulator" is a PC game by definition since the 

introduction of personal computers somehow 25 years 

ago. The novel part is that we adopt these games to 

demonstrate some basilar aspects of the physics of 

flight. An exhibition built at this purpose in the 

Historical Aeronautic Museum "G. Caproni" (Trento 

Airport) was realized in which a whole series of 

exhibits permitted the visitors to (a) fly (and eventually 

crash) (b) get in touch with basic (and advanced) 

maneuvers (c) understand (or try to do so) that such 

maneuvers are closely related to certain aspects of the 

dynamics of fluids and, more generally, of physics and 

(e) fly (and, once more, eventually crash) over 

personalized landscapes (local territory was digitalized 

and rendered at high resolution levels in order to allow 

a 3D, VFR ["Visual Flight Rule"] experience). It is not 

only a videogame: it’s a way to participate a 

technology and, in our frame of reference, to get in 

touch with an important part of physical sciences. This 

event was attended by thousands of people and 

students and it has been brought to other important 

events at national and international level. 

References 

- López-Arias T., Gratton L., Oss S., "High precision pressure 

measurement with a funnel". European journal of physics, 

2008, v. 29, n. 6, p. 1235-1241. 

- G. Calzà, L.M. Gratton, T. López-Arias, S. Oss, "Rubber 

balloons, buoyancy and the weight of air: a look inside", 

Physics Education 44 (1) 91-95 (2009) 

- N. Capra, P. Duranti, L. Gabrielli, M. Galloni, S. Oss, "Try to 

fly. The history of flight simulation", Trento: Ed. Museo 

dell’Aeronautica G. Caproni. 2008 p.108  ISBN 978-88-87621-

846 
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________________________________________________________________________________________________

SCIENTIFIC MISSION 

1. Quantum Gravity and Black Holes Physics 

To start with, we recall that a black hole at classical 

level is an object which admits by definition a null 

trapped surface, namely no radiation can escape from 

it. In 1975, Hawking in a seminal paper has shown that 

if one takes quantum effects into account, a black hole 

is not totally black, but it can emits a thermal radiation 

with a temperature which depends only on few 

physical parameters of the black hole, like the mass, 

angular momentum and charge. The Hawking radiation 

is an important aspect of quantum field theory on 

curved space-times which has been investigated in 

several and sophisticated ways. Recently Parikh and 

Wilczec have proposed an elegant derivation of 

Hawking radiation which makes us of semi-classic 

method, based on the relativistic WKB method. We 

have generalized the method to the much more realistic 

case of dynamical horizons, where the trapping horizon 

appears. In this way one may investigate phenomena 

like gravitational collapse, the expansion of universe 

and so on. 

2. Dark Energy 

We propose and study in detail new cosmological 

models in order to describe all different phases of the 

universe and in particular the inflationary and the 

actual phases, which both are characterized by an 

accelerated expansion. Recent cosmological data, 

mainly based on the spectral analysis of the microwave 

cosmological background, are in good agreement with 

a universe in accelerated expansion, in contrast with 

what predicted by the Friedmann-Robertson-Walker 

model, based on Einstein theory of gravitation. In fact, 

such model predicts a deacceleration of the expansion 

due the attractive character of the gravitational force.  

Different classes of models have been proposed in 

order to explain such intriguing feature of the actual 

universe, all of them have to modify Einstein 

equations. 

a) Lambda-CDM model: this is the simplest 

modification of general relativity, which is 

obtained by adding a cosmological constant to the 

Einstein equations, as it was also done in the past 

by Einstein himself, but for different reasons.  

b) Here the cosmological constant gives account of 

``dark energy'', which, according to recent data, 

represents more than the 70% of the whole energy 

content of the universe. From a physical point of 

view, the effects generated by the cosmological 

constant are analog to the ones produced by a 

perfect fluid with a negative pressure, which is 

able to contrast the gravitational force. All such 

kind of models have a constant barotropic rate 

equal to -1 (this is the rate between pressure and 

density of the fluid). The measured value seems to 

be smaller. 

c) Cosmological fields: together gravity, one 

introduces other cosmological fields, mainly scalar 

fields (phantom/quintessence), which can be able 

to contrast "dynamically" the gravitational 

attraction. For such models the "effective" 
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barotropic rate depends on cosmological time and, 

for suitable choices of the scalar parameters, it can 

be smaller or greater than -1. 

d) Modified Gravity: these are models based on a 

modification of the Einstein-Hilbert Lagrangian by 

terms depending on arbitrary functions of 

curvature or more complicated geometric 

invariants. In the present context, such kind of 

corrections to Einstein gravity are justified by pure 

phenomenological reasons, but they could have a 

deep origin deriving from quantum gravity or 

more general fundamental theories. Such kind of 

models provide an effective cosmological 

"constant", dynamically generated and depending 

on time, The corresponding barotropic rate 

depends on time too and can assume arbitrary 

values. For such a reason we think that modified 

gravity models can explain the actual accelerated 

phase of the universe, where cosmological 

constant is very small, but at the same time they 

could explain the inflationary phase, where 

cosmological constant is very high. 

3. Tachyons in String Theory 

The presence of the tachyon in the string spectrum is a 

sign of instability of the perturbative string vacuum. 

The latter will correspond to a maximum of the 

effective potential and the tachyon should condensate 

to a (non perturbative) minimum of the potential. To 

study such phenomenon, it is necessary to study the 

off-shell theory and to pass to the string field theory 

(SFT). In its simplest formulation in which only the 

tachyon field is retained, SFT is a formidable non local 

theory. Rolling solutions should describe the motion of 

the tachyon from the perturbative (unstable) maximum 

to the non-perturbative (stable) minimum of the 

potential. 

4. Physics at LHC  

Since recently, the small high energy group of Gruppo 

Collegato INFN of Trento has limited and will limit its 

activity in CMS Collaboration at LHC. It is involved in 

preparing analysis for search of the Higgs boson in the 

decay channel characterized by having a tau lepton and 

a muon in the final state; however special effort is 

dedicated to master missing energy measurement in 

view of search for new physics and dark matter 

candidates in particular. 

During test cosmic muon measurement Trento Group 

has covered a big work, with results to be published on 

charge asimmetry. 

Trento Group is also involved in preparation of the so 

called Super-LHC future phase, with LHC operated at 

very high luminosity: it has responsibility for the Level 

1 Trigger software development of the 

muon chambers. 

 
 

Fig.. n. 1 The LHC superconducting magnets 
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_______________________________________________________ 

HIGHLIGHTS 

1. DYNAMICAL BLACK HOLES 

In the first paper [1], a class of dynamical black holes 

including Vaydia space-time and McVittie space-time, 

has been investigated by the tunnelling method in 

the so called Hamilton-Jacobi formulation which was 

presented in [2].  

Later, in a subsequent paper [3], the analysis has been 

generalized to a most general class of spherical 

symmetric dynamical black holes. In papers [1] and 

[3], we have shown that the dynamical surface gravity, 

a geometric quantity introduced by S. Hayward, 

appears in a natural way in the Hamilton-Jacobi 

method, allowing, for not very fast changing space-

times, to get an expression of the local temperature of 
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the black hole, which generalizes the Hawking 

temperature in the static case.  

The applications of this general result are numerous 

and involve the study of gravitational collapse and the 

thermodynamics of early (Inflation) and recent 

accelerated universe 
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2. VIABLE MODELS OF MODIFIED GRAVITY 

The evolution of the universe is characterised by two 

phases in which the geometry is the one of a 

(approximatively) de Sitter manifold with a constant 

curvature R proportional to the effective cosmological 

constant. This gives rise to a negative pressure which 

contrast attractive gravitation force.  

The first de Sitter phase is identified with the 

cosmological inflation during which the universe 

expands exponentially, increasing enormously its size 

(a factor greater than 10^26) in a very brief period of 

time. After inflation, the universe evolves with a 

decelerated expansion according to the Friedmann-

Robertson-Walker model.  

One recognizes two extremely important eras: the 

radiation dominated era, in which the energy content in 

mainly due to radiation and ultra-relativistic matter, 

and subsequently the matter dominated era, in which 

the energy content in mainly due to non-relativistic 

matter. 

According to the original Friedmann-Robertson-

Walker model, the universe continues its evolution in 

this phase (the matter dominated era) until the possible 

big-crunch. Recent cosmological data testify the 

presence of a third important era, the actual one, in 

which the energy content of the universe is dominated 

by ``dark energy'', in contrast with what predicted by 

the standard Friedmann-Robertson-Walker model. Our 

universe is again in a de Sitter phase. 

It is quite easy to build up a gravitational model which 

describes a single de Sitter phase, but until now, there 

are not models in agreement with the entire evolution. 

The difficulties are mainly due to the rigid physical 

constraints which are provided by solar system tests, 

since they are in very good agreement with general 

relativity. Any modification of Einstein theory has not 

to modify astrophysical results.  

In a series of well known papers (see Refs. [1,2,3]), we 

have studied in some detail the properties of viable 

models of modified gravity with the aim to select the 

ones with the features necessary to describe the entire 

evolution of the universe. 

In particular, we have proposed viable models of 

modified gravity, inspired by string theories, which 

yield the transition between matter and dark-energy 

dominated eras and viable models which can describe 

both the two de Sitter phases of the evolution. 

For this latter class of theories we have analyzed in 

detail the stability conditions, which are very important 

since the first de Sitter phase, which corresponds to 

inflation, has to be highly unstable (the life of inflation 

is very brief), while the second de Sitter phase has to 

be stable or at ``least quasi-stable'', since dark-energy 

dominated era has a long life (the universe could be 

continue its evolution in such a latter phase). 
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3. STRING COSMOLOGY 

We have developed a mechanism that allows to find 

extremely accurate solutions of the string field theories 

equations of motion. (cubic string field theory, 

boundary string field theory and p-adic string field 

theory). The (non local) interaction is a function of the 

variable  

Lambda being the string field theory coupling constant 

(its numerical value is driven by conformal invariance). 

The structure of the non local interaction naturally 

recall the idea to consider solutions satisfying the heat 

equation with respect to a new variable, which will be 

eventually fixed to its physical value. As a matter of 

fact, the variable  

is just the general solution of the heat equation with 

"initial condition"  

The heat equation then acquire the meaning of RG 

equation, as it states how does the solutions change by 

changing the string coupling.  

In this context, non locality in the coordinate can be 

traded by a translation of the string coupling. Both 

Minkowskian and Euclidean solutions can be found. 

Even more interesting cases can be studied if one 

introduces a FRW background metric. In fact, 

cosmological theories require the presence of a scalar 

field (quintessence) to justify a time dependent vacuum 

energy of our universe. The only scalar field present 

before any spontaneous symmetry breaking is the 

tachyon field. Thus, it is natural to identify the tachyon 

with the quintessence and to study the possible 
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cosmologies generated by the tachyon field during the 

condensation process. 
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4. CDF andCMS 

The CDF collaboration at the Tevatron (Chicago, 

USA) is made of 60 Institutions and ~500 scientists 

from all the world. The Tevatron is a proton-antiproton 

collider operating today at 1.9 TeV. 

The main results in his history are observation of the 

Top Quark production, evidence for structure in J/Psi 

from B decays, observation of ZZ production, evidence 

for D0-D0bar mixing; most recently evidence for B_s 

matter-antimatter oscillation, single top production and 

precise measurement of cross-section production and 

mass of the Top Quark. Trento Group has given special 

contribution to the t-tbar production physics, mainly in 

the so called all-hadronic channel, characterized by 

having only hadronic jets in the final state, due to 

semileptonic decays of the W's.  

Trento Group has also explored the very difficult case 

of t-tbar production having tau leptons from W in the 

final state.  

The CMS collaboration at LHC of CERN (Geneva, 

Switzerland) is composed of 150 Institution and ~2000 

scientists from all the world. As is known the LHC is 

expected to start operating in 2009 autumn time at a 

final energy of 14 TeV. 
 

 
 

Fig. n. 2 The CMS Drift Tube Chambers 
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________________________________________________________________________________________________

SCIENTIFIC MISSION 
With an extensive experience in the complex many-

body problem in nuclear physics the research activity 

in this area points in several directions.  

One activity is oriented to study the basis of nuclear 

physics itself, i.e. the comprehension of the nuclear 

force as a manifestation of the strong interaction in the 

non perturbative regime. To this aim one deals with the 

ab initio few-body problem, and with the problematics 

connected not only to the structure of such systems, but 

also to reactions of few-body systems. This implies the 

study of the complicated scattering problem involving 

more than 2 particles. This is an area where the Trento 

research has gained a leader position at international 

level, thanks to the introduction of the Lorentz Integral 

Transform (LIT) method. Such investigations are also a 

great relevance for astrophysical reactions. In addition 

the ab initio calculation of few-body systems is also 

oriented to explore the connections to the many-body 

problem, since, because of advanced methods and 

growing computes power, the few-body approach can 

be carried out with eves-increasing nucleon number.  

In general the activity in the few/many-body problem 

is characterized by a high degree of interdisciplinarity. 

People working in Trento in nuclear physics have 

acquired advanced competences and methodologies 

that are applied to study not only composite hadrons, 

and nuclei, but also electron gases as well as complex 

molecules of biological interest. The employed 

techniques range from time dependent density 

functional to direct computation of the response 

function, to effective field theories. In the attempt of 

exactly solving the non-relativistic Schroedinger 

equation, few-nucleon systems are studied by 

expansion methods on the hyperspherical harmonics 

(HH) basis, many nucleon systems are attacked by 

means of the Auxiliary Field Diffusion Monte Carlo 

methods (to their development Trento researches have 

given a fundamental contribution). These techniques 

also help in dealing with problems of astrophysical 

relevance. One can in fact study the properties of 

neutron matter at low densities and the zero 

temperature equation of state of nuclear and neutron 

matter, of great relevance in the discussion of the 

structure and properties of compact stars and in the 

supernovae collapse, or the primordial nucleosynthesis 

of light nuclei, important to understand the abundance 

of elements in the Universe. 

Another field of research concerns the investigation of 

non-perturbative aspects of quantum chromdynamics 

(QCD, the fundamental quantum field theory of strong 

interaction) and in particular, the connection between 

the structure of QCD vacuum and the structure of 

hadrons or the dynamical breaking of chiral symmetry. 

Such investigations are based on different field 

theoretical approaches, such as chiral effective field 

theories, large N approaches, lattice gauge theory 

simulations, and instanton models. 

Some of the theoretical and numerical techniques 

which had been originally developed in the context of 

nuclear theory are being used to investigate the 

dynamics/thermodynamics of macromolecules, with 

particular focus on biological systems. Examples 

include the use of renormalization group methods to 

investigate long time stochastic dynamics and the 

application of path integral techniques to study rare 

conformational reactions, such as protein folding. 

As already stressed, large part of the research activity 

mentioned above makes use of computational 

approaches. Computational methods themselves are 

therefore object of research as well. They include the 

most fundamental aspects of the quantum Monte Carlo 

algorithms, the development of a practical algorithm to 

study inhomogeneous Fermion systems by means of 

the Shadow Wave Functions formalism, the search of 
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methods to accelerate convergence in HH expansions, 

etc. 

In general one can say that the application of the same 

computational approaches to dynamical problems in 

different systems creates a common language which 

facilitates progress greatly. 
_______________________________________________________ 

HIGHLIGHTS 

1. MANY-BODY NATURE OF THE NUCLEAR 

FORCE 

A modern debate in nuclear physics regards the origin 

and fundaments of the nuclear interaction. An aspect 

that has attracted a lot of interest in the last years is the 

importance of multi-nucleon forces and in particular of 

the three-nucleon force (3NF). The nuclear potential 

has clearly an effective nature, therefore it is in 

principle a many-body operator. Yet the debate has 

concentrated for several decades only on its two-

nucleon part. Realistic potentials have been obtained 

within different frameworks (meson theory, pure 

phenomenology and more recently effective field 

theory), relying on fits to thousands of N-N scattering 

data. However, precise calculations of the triton 

binding energy have demonstrated that most realistic 

two-body potentials are not sufficient to explain the 

experimental value. Therefore a new debate is taking 

place regarding three-body forces. For the 

determination of a realistic three-body potential or in 

order to discriminate among different models one 

needs to find observables in nuclei with a number A of 

nucleons equal or larger than 3, that are sensitive to it. 

However, the scattering problem for such systems is 

one of the most complex problems in quantum 

mechanics and the full solution of the Schroedinger 

equation in the continuum is not known, even for only 

four particles. 

 

 
Fig. n.1 Longitudinal electron scattering response function of 4He at 

momentum transfer q=100 MeV/c, with AV18 two-nucleon force only 

(dashed), and with the addition of two different three-nucleon forces 

(UIX: solid TM': dash-dotted). 

 

In the last years researcher of this Unit have made an 

important step towards the problem of reactions in the 

continuum introducing the Lorentz Integral Transform 

(LIT) method in collaboration with V. Efros of 

Moscow. (A topical review of the method is found in 

[1]).  

This method has enabled to carry out ab initio 

calculations of electromagnetic responses of the alpha-

particle (A=4) involving states in the continuum. This 

is not only the first time that such calculations have 

become possible, but they have led also to very 

mportant findings about the role of the nuclear three-

nucleon force. In fact these studies [2,3] have revealed 

effects of the three-nucleon force that can also be 

unexpetedly very large. Because of the great scientific 

impact of these results new experiments have already 

been performed (Lund, Osaka) and some are presently 

in the stage of data analysis (MAMI Mainz). Further 

experiments are planned at Lund (MAXLAB) and are 

in discussion at Darmstadt and (DALINAC) and HIGS 

(North Carolina). The interest in such results is also 

testified by the invitation of the authors in the plenary 

sessions of the two most important conferences of the 

field (the 20
th

 European Conference in Few-Body 

Problems in Physics and the 19
th

 International IUPAP 

Conference in in Few-Body Problems in Physics, both 

held every three years), besides at numerous 

international workshops. 
 

 
 

Fig. n. 2 Total electrodisintegration cross section of 4He with AV18 

two-nucleon force only (dashed), with the addition of the three-

nucleon force UIX red solid and with the inverse scattering potential 

JISP16. The figure shows the very confused ezperimental situation. 
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2. EQUATION OF STATE OF NUCLEAR AND 

NEUTRON MATTER 

Compact stars are one of the possible final states of the 

stellar evolution. These objects, of the diameter of a 

few kilometers, are governed by the interactions among 

neutrons, protons, neutrinos, and other particles on the 

fm scale. The mass of the star and its radius, rotational 

and cooling properties are examples of quantities that 
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can be inferred by astronomical observations, and that 

are determined by the delicate balance between gravity 

and nuclear forces. Matter in the interior of a compact 

star can be regarded as an infinite medium, in which 

neutrons coexist with a small fraction of protons (due 

to the β decay), in presence of neutrinos, and, at higher 

densities of hyperons (Λ, Σ, and other particles). The 

energy density of matter as a function of the baryonic 

density is called "equation of state" of the matter itself. 

A true ab-initio evaluation of the equation of state 

requires two ingredients. The first is a method that is 

capable to solve as accurately as possible the quantum 

many-nucleon problem for a given interaction. The 

second is a realistic model of the nucleon-nucleon 

interaction. In the Theory group of the Physics 

Department we have successfully worked to address 

these important issues and make steps forward in the 

connection with astrophysical problems. (Figure 3) 

 
 

Fig. n. 3 Equation of state of pure neutron matter computed by 

means of AFDMC, compared to the FHNC results of Akmal and 

Pandhariphande[3]. The discrepancy is essentially due to the 

different method used to compute the results (from ref. [2]) 

 

The computational methodology used is the so-called 

Auxiliary Field Diffusion Monte Carlo (AFDMC), an 

algorithm that is capable to yield information about the 

ground state energy and other ground state properties 

of many-nucleon systems with extremely high 

accuracy. This algorithm belongs to the same family of 

the celebrated Greens Function Monte Carlo (GFMC), 

which has been successful to describe properties of 

light nuclei, but is limited in the number of nucleon 

that can be simulated with present computers (A<12).  

It essentially consists of an imaginary time propagation 

of a population of points representing possible 

configurations of the system. Such propagation 

generates a distribution of configurations proportional 

to the ground state of the system studied, which can be 

used to compute relevant observables, and in particular 

the energy. AFDMC overcomes the size limitations of 

GFMC, and therefore is suitable for addressing the 

problem of the homogeneous matter. [1,2] 

AFDMC also allows for computing ground state 

properties of nuclei as 
16

O and 
40

Ca with realistic 

interactions[4], including scalar, vector/isovector and 

tensor components. Consequences of the availability of 

a tool for exactly solving the Schrödinger equation is 

the possibility of checking results obtained with other 

methods, such as Fermi-Hypernetted Chain or 

Brueckner Hrtree-Fock, and assess their reliability. . 

(Figure 4) 
 

 
 

Fig. n. 4 Pairing gap computed by AFDMC in pure neutron matter 

modeled with the AV8’ interaction , compared to the pure BCS result 

ad t o other calculations present in literature. 

(from ref. 5) 

 

Another important aspect that was recently studied by 

means of AFDMC is the occurrence of a superfluid 

state in neutron matter, and the related appearance of a  

gap due to the pairing of neutrons in the 
1
S0 state[5]. 

The estimate of the gap is important to understand the 

cooling process of neutron stars, because it determines 

the threshold of production of neutrinos in the neutron-

neutron scattering, entering in the mechanism of 

cooling of the star. The AFDMC results discriminate 

among two apparently distinct sets of results, one 

predicting a pairing gap of a bout 2MeV (therefore in  

agreement with AFDMC) and one predicting a gap 

about 50% smaller.  
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3. STATISTICAL MECHANICS OF 

BIOLOGICAL SYSTEMS 

The dynamics and thermodynamics of hadronic 

systems and of macromolecular systems in solution 

share several important common features, despite the 

huge gap in the energy scales involved. Most notably, 

the internal dynamics of hadrons, nuclei and molecules 

is largely influenced by strong correlations and by the 

uncertainties generated by the quantum or the thermal 

fluctuations. The interplay of correlations, dissipations 

and fluctuations gives raise to a wealth of non-

perturbative collective phenomena, including phase 

transitions and co-operative reactions.  
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In view of such similarities, in 2006 the Unit for 

Theoretical and Computational Physics started a new 

research line, which focuses on the investigation of 

equilibrium and non-equilibrium dynamics of 

macromolecular systems of biological interest. The 

mission motivating this venture is that some of the 

theoretical and numerical techniques which had been 

originally developed in the context of nuclear theory 

can be exported and applied to investigate the 

stochastic dynamics of macromolecular processes. At 

the same time, this research sub-unit has also 

performed a number of investigations based on 

established simulation techniques. 

One of the main focus of the group has been the study 

of the stochastic dynamics of rare conformation and 

chemical reactions, in particular of protein folding. 

This has led to the development of the Dominant 

Reaction Pathways (DRP) approach, which is based on 

path-integral formulation of the diffusive dynamics. 

This method has been shown to bypass some of the 

long standing computational difficulties, related to the 

decoupling of the time scales in the system [1,2,3]. The 

DRP method has recently been extended to the 

quantum level, in order to identify the most statistical 

pathways in chemical reactions of molecules with up to 

about 50 atoms. In this context, the DRP approach is 

interfaced with atomistic solutions of the Schrodinger 

equation, based on established approximation schemes, 

such as Density Functional Theory. 

 

 
 
Fig. n. 5 Dominant pathways in a conformational reaction of a di-

peptide, projected on the plane formed two dihedral angles. The 

trajectories evaluated with the DRP approach are superimposed on 

the free energy profile evaluated with molecular dynamics 

simulations.This result shows that the DRP method is accurately 

predicting the location of the transition states (black points) 
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SCIENTIFIC MISSION 

The BEC Center in Trento 

The Research and Development Center on Bose- 
Einstein Condensation (BEC) is aimed to promote 

theoretical research on the various phenomena related 

to Bose-Einstein condensation and to the physics of 

cold atomic gases. The Center was established by the 

Istituto Nazionale per la Fisica della Materia in Trento 

in June 2002, and is hosted by the Department of 

Physics of the University of Trento. Scientists 

belonging to the BEC Center include personnel from 

the University and INFM-CNR researchers, together 

with PhD students and post-doctoral fellows, who are 

partly funded by INFM-CNR and partly by the 

University. At present the scientists active in the Center 

are about 20. The budget of the BEC Center is 

provided by the Consiglio Nazionale per le Ricerche 

(CNR) and by the Provincia Autonoma di Trento 

(PAT). The research activity of the Center is also 

supported by funds of the European Union and the 

Italian Ministry of Research on specific projects. The 

Director of the Center is Sandro Stringari.  

The status of the art 

Since the first observation of BEC in cold gases in 

1995, the study of ultracold gases has become an 

emerging area of research at the crossing point of 

several disciplines, including atomic and molecular 

physics, quantum optics, statistical mechanics and 

condensed matter physics. BEC has been already 

achieved in many atomic species and an impressive 

number of experimental and theoretical groups 

worldwide is actively working in the field of ultracold 

atomic gases. In the last years the field has further 

grown and developed in several important directions. 

Advanced optical techniques has allowed to create new 

trapping configurations in the form of optical lattices. 

This has opened new frontiers of research where 

atomic physics meets important features of condensed 

matter and solid state physics. The field of ultracold 

fermions is also growing in an impressive way with 

stimulating perspectives, also in view of the deep 

analogies between such systems and other Fermi 

systems, like high Tc superconductors and neutron 

stars. Finally ultracold atomic physics is providing new 

perspectives of application to quantum information 
processes and precision measurements.  

The role and the achievements of the BEC Center  
The growth of this field of research has benefited in a 

crucial way from the cooperative efforts of 

experimental and theoretical groups in many 

laboratories. The BEC Center has significantly 

contributed to reinforce the interdisciplinary links of 

the theoretical research as well as the links between 

theoretical and experimental activities, establishing 

direct and systematic collaborations with the main 

laboratories in the world. It is also giving an important 

impulse to the worldwide development of the field of 

ultracold gases through a series of scientific 

publications, the organization of workshops and 

conferences and the training of young scientists. The 

impact of the scientific work carried out by the Trento 

team is recognized by the Essential Science Indicators 

of Thomson Scientific where at the special topics 

"Bose-Einstein Condensates" and "Superfluids" the 
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papers of the Trento BEC team rank at the top 

positions. The articles written by the researchers of the 

BEC center are collecting more than 1000 

citation/year, according to the ISI-Thomson database, 

with an average of more than 25 citations per article. 

Moreover, in 2008, the group published a new review 

article in Reviews of Modern Physics on the theory of 

ultracold atomic Fermi gases, as a natural continuation 

of a previous article on the theory of Bose-Einstein 

condensation in trapped gases, published in 1999, 

which has been cited more than 2000 times to date. The 

scientific work carried out at the BEC Center in the last 

three years can be naturally classified according to the 

following research lines:  

 

- Fermionic superfluidity and BCS-BEC crossover  

- Polarized Fermi gases  

- Quantum Monte Carlo  

- Rotating gases and quantized vorticity 

- Nonlinear dynamics and solitons  

- Ultracold gases in optical lattices  

- Dipolar gases  

- Semiconductor microcavities and exciton- 

polaritons  

- Quantum optics and quantum fields  

- Casimir forces  

- Matter-waves interferometry  

- Quantum information processing.  
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- S.Giorgini, L.Pitaevskii, and S.Stringari, Theory of ultracold 

atomic Fermi gases, Rev. Mod. Phys. 80, 1215 (2008).  
- K. G. Lagoudakis, M. Wouters, M. Richard, A. Baas, I. 

Carusotto, R. Andre, Le Si Dang, B. Deveaud-Pledran, 

Quantised Vortices in an Exciton-Polariton Fluid, Nature 

Physics 4, 706 (2008).  
- S. Pilati, S. Giorgini, Phase separation in a polarized Fermi gas 

at zero temperature, Phys. Rev. Lett. 100, 030401 (2008).  
- J.M. Obrecht, R.J. Wild, M. Antezza, L.P. Pitaevskii, S. 

Stringari, E.A. Cornell, Measurement of the Temperature 

Dependence of the Casimir-Polder Force, Phys. Rev. Lett. 98, 

063201 (2007).  
- L. Pezzè, A. Smerzi, G. Khoury, J. F. Hodelin, D. 

Bouwmeester, Phase detection at the quantum limit with multi-

photon Mach- Zehnder interferometry, Phys. Rev. Lett. 99, 

223602 (2007).  
- C. Menotti, C. Trefzger, M.Lewenstein, Metastable states of a 

gas of dipolar bosons in a 2D optical lattice, Phys. Rev. Lett. 

98, 235301 (2007).  
- M. Modugno, C. Tozzo, F. Dalfovo, Detecting phonons and 

persistent currents in toroidal Bose-Einstein condensates by 

means of pattern formation, Phys. Rev. A 74, 061601(R) 

(2006).  
- C. Lobo, A. Recati, S. Giorgini, S. Stringari, Normal state of a 

polarized Fermi gas at unitarity, Phys. Rev. Lett. 97, 200403 

(2006).  
- Web up-to-date information on the activity of the BEC Center 

can be found at the website: http://bec.science.unitn.it 
_______________________________________________________ 

HIGHLIGHTS 

1. POLARIZED FERMI GASES 

The behavior of spin-polarized Fermi systems has been 

a fascinating subject of research for over fifty years 

since it can lead to the interplay of superfluidity and 

magnetism. In particular a Fermi superfluid is resistant 

to spin polarization and so one can naturally raise the 

question of what happens when we attempt to polarize 

it. An example occurs in a superconducting metal when 

we apply a magnetic field. Under certain conditions the 

coupling to the orbital motion is negligible and the 

important effect is the coupling to the electron spins. 

The field can lower the energy of the spin-polarized 

normal state and, if it is strong enough, make the 

normal state energetically more favourable than the 

superconducting spin-singlet state. The value of the 

field at which this transition takes place is known as the 

Chandrasekhar-Clogston limit and, in a BCS 

superconductor, it requires that the field be larger than 

∆/√2 where ∆ is the gap. Crucially, this estimate 

assumes that the change in energy of the normal state 

due to polarization is only kinetic in origin. In a 

strongly interacting system the value of the 

Chandrasekhar-Clogston critical field is expected to 

depend crucially also on the interactions in the normal 

phase.  
 

This situation has arisen in recent experiments carried 

out in the strongly interacting unitary limit of two-

component atomic Fermi gases [1-5]. In these systems 

the role of the polarizing magnetic field is played by 

the chemical potential difference between the two 

atomic species. There is now clear experimental 

evidence that such systems are characterized by a 

phase separation between a normal and a superfluid 

component. From a theoretical point of view it is then 

crucial to have an accurate knowledge of the equation 

of state in the two phases in order to make reliable 

predictions for the Chandrasekhar-Clogston limit. 

Actually most of the theoretical work have so far 

neglected interaction effects in the normal phase, 

thereby providing a poor description of the 

experimental results. (Figure 1) 

 

 
Fig. n. 1 Experimental and theoretical density profiles of the two 

spin components for a polarization P=44% 

 

The team of the BEC Center in Trento has given an 

important contribution to the field analysing in detail 

the role of the interactions and consequently in 

establishing the phase diagram of the unitary spin-

polarized system [6]. These studies have provided a 
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successful description of the critical polarization and of 

the density profiles in the presence of harmonic 

trapping as well as useful predictions for the collective 

oscillations. For example, it has been that the 

superfluid core disappears for values of the total 

polarization P = (N↑ − N↓ )/(N↑ − N↓ ) larger than the 

critical value Pc = 0.77, in agreement with the 

experimental results of the MIT group [2,3]. Moreover, 

both the in situ column and density profiles of the two 

spin components agree very well with the experimental 

values (see Fig. 1). The article [6] has received more 

than 60 citations in less than three years. 
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2. CASIMIR FORCES 

The Casimir-Lifshitz force is an interaction of 

electromagnetic origin acting between neutral 

dispersive bodies without permanent polarization. 

Casimir predicted the existence of such a force 

between two ideal reflecting mirrors at zero 

temperature [1]. The interaction between an atom and a 

mirror takes instead the name of the Casimir-Polder 

force. Casimir’s idea was readily developed by Lifshitz 

who formulated a more general theory of the 

interaction including materials having realistic 

dielectric properties and finite temperature effects [2]. 

Lifshitz’s theory still represents the most advanced 

approach to the problem and is extensively employed 

to deal with dispersive forces in different fields of 

science and technology. Lifshitz’s theory is formulated 

for systems at thermal equilibrium and the pure 

quantum effect at T = 0 is clearly separated from the 

thermal contribution to the force. The former gives the 

dominant contribution at small separation (< 1 µm at 

room temperature) between the bodies and was 

confirmed experimentally with good accuracy for the 

surface-surface and surface-atom configurations. On 

the contrary the thermal effect, dominating at large 

distances where the total force is strongly reduced, 

remained for many decades just an elusive and 

intriguing prediction without any experimental 

confirmation. 

Only in 2007 the thermal effects of the Casimir-

Lifshitz force were measured for the first time by the 

group of E. Cornell at JILA within a collaboration with 

members of the BEC Center in Trento. The experiment 

was performed with ultra-cold trapped atoms placed 

close to a dielectric substrate [3]. In these 

measurements a determinant role was played by the 

particular thermal configuration of the system, which 

was not at equilibrium and hence could not be 

described by the original Lifshitz’s theory. The use of 

non-equilibrium configurations results in a significant 

enhancement of the thermal effect as first pointed out 

by the Trento team [4] (see Fig. 2). 

 

 
 
Fig. n. 2 Fractional change in the dipole frequency due to the 

Casimir-Polder force. Experimental data and theoretical predictions. 
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3. VORTICES IN POLARITON CONDENSATES 

After a long quest, Bose-Einstein condensation in a 

solid state environment has recently been observed in a 

gas of exciton-polaritons in a planar semiconductor mi- 
crocavity [1]. In addition to being a further verification 

of Einstein’s prediction in a completely new context, 

this observation has raised a number of theoretical 

questions as the Bose gas under investigation is an 

intrinsecally non-equilibrium object, whose stationary 

state is not determined by a thermodynamical 

equilibrium condition, but rather by the balance 

between driving and dissipation. And also from the 

experimental point of view, polariton systems appear 
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as very attractive thanks to the availability of simple 

all-optical schemes for the experimental diagnostic and 

manipulation of the polariton gas. 

Polaritons are generated in the microcavity from the 

incoherent relaxation of electron-hole pairs that are 

created by the incident light. Polariton-polariton and 

polariton-phonon scattering are responsible for the 

transfer and the accumulation of polaritons into the 

bottom of the lower polariton branch. If the pumping is 

sufficiently strong, Bose stimulation sets in and a 

macroscopic fraction of the polaritons condense into a 

single coherent state before they are lost. Among the 

many decay channels that are available for polariton 

losses, a crucial role is played in the experiment by 

those radiative processes where an in-cavity polariton 

is emitted in the surrounding space as a propagating 

photon: thanks to these processes, a detailed 

information on the state of the polariton gas can be 

extracted from the intensity and the coherence 

properties of the emitted light. 

After a first generation of experiments where the mere 

observation of a polariton BEC was a central result, a 

new generation of experimental work has recently 

begun where typical features of a non-equilibrium BEC 

are addressed. An important contribution in this 

development has been played by the Trento BEC group 

in collaboration with several other groups. As an 

example, a recent experimental study [2] carried out at 

EPFL with the theoretical support from Trento has 

investigated the shape of the condensate wave function. 

The central result of the experiment (see Fig. 3) is the 

observation of vortices in the polariton condensate with 

a quantized phase winding around the vortex core: the 

phase profile of the condensate has been obtained by 

interferometric techniques which superimpose the light 

emitted from the condensate to an unperturbed plane-

wave beam. The observations can be interpreted in 

terms of the flow pattern that is deterministically 

created in the condensate by the disorder potential. 

Whenever the condensate phase in the different 

regions can not be continuously matched, vortex 

singularities have to appear. This picture has been 

confirmed by numerical simulations based on the 

polariton Gross-Pitaevskii equation and is further 

validated by the experimental observation that vortices 

appear at deterministic positions with a given charge, 

which rules out thermal nucleation mechanisms such as 

the ones recently studied in the context of two-

dimensional atomic gases [3]. 

 

 
 
Fig. n. 3 Interferogram and extracted phase with a vortex in a 

polariton condensate. 
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SCIENTIFIC MISSION 

Foreword 

The research focus of the laboratory is gravitational 

wave astronomy. Gravitational wave astronomy is a 

fast growing field aiming at detecting gravitational 

waves emitted by celestial bodies, and at using them as 

a powerful observation tool for the Universe. 

The group is involved in a good fraction of the word-

wide effort in the field, being either a leading or an 

active partner in AURIGA, LISA, LISA Pathfinder, 

and VIRGO. The group has developed a variety of 

original experimental techniques. These include for 

instance high sensitivity, almost quantum limited 

SQUIDs, to be used as the final stage of ultra sensitive 

motion detectors in gravitational wave antennas and 

similar systems. They also include femto-Newton 

sensitivity torsion-pendulums to test parasitic forces on 

test-masses to be used as geodetic tracers in space-

borne gravitational experiment. 

The group is, or has been, supported by Istituto 

Nazionale di Fisica Nucleare (INFN), European Space 

Agency (ESA), Agenzia Spaziale Italiana (ASI), and 

Ministero dell’Università (MIUR). 

The following pages give a highlight of the recent 

activity. 

HIGHLIGHTS 

1. SPACE-BORNE GRAVITATIONAL WAVE 

ASTRONOMY: LISA AND LISA PATHFINDER 

One research line is space-borne gravitational wave 

astronomy and in particular the development of LISA
1
 

and of its in-flight precursor LISA Pathfinder
2
. LISA is 

a space-borne Gravitational Wave (GW) observatory 

currently under formulation as a joint effort between 

ESA and NASA. LISA will be a signal dominated 

instrument aiming at a wealth of bright GW sources at 

frequencies between 0.1 mHz and 0.1 Hz. For instance 

binaries of compact stars in our galaxy, will have 

signal to noise ratio in excess of 100 some of them 

being "guaranteed" sources. Powerful emission from 

binaries of super-massive black-holes, will reach signal 

to noise ratios larger than 100, at cosmological 

distances.  

Their detection will inaugurate gravitational cosmology 

and give the merger history of black-holes throughout 

the universe. Finally compact, star-size objects 

spiraling into a super-massive black-hole, will provide 

a unique General Relativity laboratory allowing for 

instance the verification of the "no-hair" theorem for 

black-holes. 

                                                           
1
http://www.rssd.esa.int/LISA, See also S. Vitale et al., 

Nuclear Physics B (Proc. Suppl.) 110, 209 (2002) 
2
 http://www.rssd.esa.int/LISAPATHFINDER 
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LISA consists of a constellation of 3 spacecraft in 

heliocentric orbit forming an equilateral triangle with a 

5 106 km side. Each side is an interferometer 

measuring the relative motion of two free falling test-

masses, contained within the two end-spacecraft. The 

gravitational signal appears as a tide-shaped oscillation 

of these displacements. The Laboratory is part of the 

core group supporting ESA and NASA with mission 

formulation. 

Most of LISA metrology will be tested, on an 

interplanetary orbit, by ESA’s LISA Pathfinder. This 

mission, in advanced implementation, carries one 

entire LISA arm squeezed into one spacecraft, the 

LISA Technology Package (LTP), consisting of two 

free-falling test-masses, and interferometers measuring 

their relative displacement.  

 

 
 
Fig. n. 1 The LISA Technology Package. The picture shows the two 

free-falling test-mass (gold-colored) and a the laser interferometer 

measuring relative motion 

 

The aim of the mission is to demonstrate the physical 

feasibility of pure geodesic motion at the level of 

accuracy required by LISA. 

The Laboratory carries also the responsibility of 

Principal Investigator of the LTP
3
. In this function the 

team has led, together with the co-PI team, the design 

of the instrument, of the detailed experimental 

investigations to be performed in orbit, and of the 

quasi-real time data analysis. A recent account of the 

physics of the experiment and on its development 

status can be found in [1][2]. 

A major contribution of the Laboratory to both LISA 

and LISA Pathfinder is the lead in the design of the 

test-mass and of its immediate surroundings, a system 

called the Gravity Reference Sensor (GRS). 

  
 

                                                           
3
 with the co-Principal Investigator (co-PI) at Max Planck 

institute for gravitational physics in Hannover 

Fig. n. 2 LISA GRS developed by the Laboratory. The test-mass, 

(right), a Au-Pt cube of 46 mm side, fits into the inner space of the 

device on the left. The shiny surfaces are Au-coated sapphire 

electrode used for capacitive sensing. In flight the test-mass is free-

floating inside the cavity with mm gaps all around it. 

 

The Laboratory has developed a series of prototypes 

that have carried to the final design of the flight 

hardware. In addition the laboratory has set up a 

method for simulating free-fall of a test-mass in the 

ground based laboratory based on torsion pendulums 

[3] (Figure 3).  

 

 
 
Fig. n. 3 A view of the inertial member of the torsion pendulum. 4 

test-masses are arranged in a cross-shaped geometry. One of the test 

mass is clearly visible in the lower left part of the picture. One test-

mass is hosted inside the GRS in the upper left part. When suspended 

this test-mass floats inside the GRS without any mechanical contact 

as in flight. 

 

The method allows to investigate force disturbances at 

femto-Newton level, not far from LISA Pathfinder 

requirements. 

 

 
 

Fig. n. 4. Blue line: upper limit of force disturbance on a LISA like 

test-mass, expressed a differential acceleration of the test-masses in 

one LISA arm, as derived from the residual torque noise of one of the 

torsion pendulums operating in the Laboratory. The red line are the 

LISA requirements. The black line are those for LISA Pathfinder 

 

Recent highlights on this development can be found in 

[4][5][6]. 

 

All these activities are supported by the ASI, by INFN, 

and have been partly supported also by ESA and 

MIUR. 
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2. GROUND BASED GRAVITATIONAL WAVE 

ASTRONOMY AND MOTION SENSING 

BEYOND THE ATTOMETER SCALE: AURIGA, 

VIRGO AND THE ULTIMATE DETECTORS  

The other research line is gravitational wave astronomy 

with ground based detectors. Ground based detectors 

target signals in the audio frequency band (from a few 

tens of Hz to some kHz), probing stellar mass 

astrophysical sources such as Neutron Stars, Black 

Holes, SuperNovae core collapses as well as the 

earliest epochs in the evolution of the universe, before 

the Big Bang nucleosynthesis, through the cosmic GW 

background. The continuous observations performed 

by the resonant meter-scale bar detectors such as 

AURIGA
4
 has been recently complemented and 

outperformed by the first long observations by the 

kilometer-scale interferometric detectors such as 

LIGO
5
 and Virgo

6
. The development of future more 

sensitive detectors brings about also fascinating 

investigations on the fundamental noise sources and on 

quantum mechanical aspects of physical 

measurements.  

The laboratory is participating to this worldwide effort 

with the main expertises on cryogenic motion sensing 

and data analysis methodologies. 

The group is a leading partner of AURIGA
7
, an  INFN 

experiment running a cryogenic bar detector (Fig. 5), 

and of the International Gravitational Event 

Collaboration (IGEC) among the operating bar 

detectors worldwide.  
 

 
 

Fig. n. 5 The AURIGA resonant gravitational wave detector. The 

detector is the 3 meter long aluminum bar outstanding from the 

                                                           
4
 http:// www.auriga.lnl.infn.it 

5
 http://www.ligo.org 

6
 http://www.virgo.infn.it 

7
 Baggio L., et al., Phys. Rev. Lett. 94, 2411011 (2005) 

central cavity of its helium cryostat. On the closest end of the bar the 

motion transducer is also visible. 
 

The AURIGA detector resumed continuous 

observations since 2005 showing the best performances 

in its class. The data analysis targets the detection of 

burst GW by the IGEC network [1] and upper limits set 

by AURIGA on GW emitted by rare astrophysical 

events
8
 

Due to the fact that the noise performance of AURIGA 

is well modeled and understood, we succeeded in 

cooling the normal modes of the 2 ton bar using 

electronic feedback from a thermal bath temperature of 

4 K down to 0.17mK, a record for such macroscopic 

degrees of freedom [3]. 

Since the feedback cooling keeps the AURIGA 

resonances out of thermal equilibrium, it provides also 

a valuable test bed for investigations of steady state 

non equilibrium noise fluctuations in the framework of 

the Fluctuation Relation [5]. A long term project to 

investigate rare noise fluctuations has recently started 

(RareNoise, European Research Council). 

Along these studies on motion detectors in their 

ultimate limits, further progresses have been achieved 

by pushing superconducting SQUID amplifiers towards 

the quantum limit, and achieving energy resolution 

down to 10 h bar [4]. 

 

 
 
Fig. n. 6 High Q (>106) electronic resonator in a 3He-4He dilution 

refrigerator. The resonator is used to measure the true noise energy 

of a SQUID coupled to it. 

 

We have completed the concept design of future 

generation wideband acoustic detectors (DUAL, INFN) 
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equipped with displacement concentrators [2] and 

realized a small prototype for experimental tests. 

 

 
 

Fig. n. 7 The prototype of the wideband acoustic detector of 

gravitational waves with displacement concentrators. 

 

Our activities on long arm interferometric detectors 

started in 2007 both in the field of data analysis and 

hardware R&D, within the Virgo collaboration. We 

took responsibility for the search for burst GWs in the 

higher frequency band (2-6 kHz) by the first joint 

observation performed by the Virgo detector at Pisa 

(INFN, CNRS-F, NIKHEF-NL) and by the three LIGO 

detectors in the US (NSF-USA, STFC-UK, Max Plank-

D) in 2007. It is worth mentioning that one of the first 

joint publications sets new upper limits on the 

stochastic background of gravitational waves which are 

relevant for cosmological models, improving the 

indirect limits based on Big Bang nucleosynthesis and 

Cosmic Microwave Background [6]. The second 

campaign of joint observations is currently being 

performed in 2009-2011. 

We are also investigating the mechanical thermal noise 

generated by the optical coating in mirrors, which is 

the dominating noise source of the interferometric 

detectors in their most sensitive frequency band (100-

400 Hz) (supported by PRIN2007 national grant).  

 

All the above activities have been pursued in close 

collaboration with CNR - FBK researchers at Trento as 

well as with scientists from INFN and Padova 

University.  
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SCIENTIFIC MISSION 

Introduction to the Nanoscience Laboratory 

The Nanoscience Laboratory (NL) is a new laboratory 

of the Physics Department with interests in 

nanophotonics, silicon-based photonics and 

nanobiotechnologies. Its mission is to generate new 

knowledge and understanding from physical 

phenomena which occur when the matter is of 

nanometer size. In particular, NL is trying to apply the 

nanoscience paradigm to silicon or silicon compatible 

materials to enable new application of this key 

material, and to develop nanosystems compatible with 

the main driving silicon technologies. However silicon 

is not the only material studied. New projects concern 

the use of polymers to tailor the properties of 

nanostructure atom-by-atom or metals to investigate 

new properties which rise from plasmonics. A 

particular emphasis is placed on photonics and its 

applications. Research projects span from fundamental 

research work on the interaction between biomolecules 

and silicon nanostructures or on the control of photons 

by dynamically structuring the dielectric environment, 

to more applied research work on the development of 

integrated optical circuits, optical switches, light 

emitting devices and amplifiers, novel MIR and THz 

sources, third generation photovoltaic and biosensors. 

NL is composed by more than 20 people with 

interdisciplinary scientific background. Researchers 

from physics, bio-chemistry, materials science and 

electrical engineering interact to form a group of 

interdisciplinary nature. They came from all around the 

world and the language spoken in the laboratory is 

English. 

The laboratory records more than 250 papers and 

several books. One of its paper has been recognized 

among the top-20 most cited papers on nanocrystals by 

WEB of Science.  

Of particular mention is the collaboration that NL has 

with the Center of Materials and Microsystems and 

with the Microtechnologies Laboratory of the 

Fondazione Bruno Kessler (FBK). The collaboration 

spans over the last twenty years and covers fabrication, 

testing and application of biomaterials and silicon 

based devices. Many common projects exist among 

which a project on the development of a multispectral 

protein chip for application in diagnostics (NAOMI, 

supported by PAT). 

NL covers also outreach activities: a professional 

master on micro and nanosystems is being co-

organized with FBK with the support of many local 

companies. Moreover, NL with the help of the local 

institutes of CNR organizes each two years a winter 

school on optoelectronics and photonics: the last 
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edition was about CMOS photonics and was held in 

March 2009. Members of NL participates in the 

committee or organize several international 

conferences or workshop. 

Research of NL is mainly funded by the local 

government (PAT), the European commission within 

the research frameworks, the MIUR and by companies. 

During the period covered by these Highlights, NL has 

been and is involved in several EC project: 

SEMINANO (FP6-NMP-505285), PHOLOGIC (FP6-

IST-017158), LANCER (FP6-IST-033574), 

POLYCERNET (MCRTN-019601), WADIMOS (FP7-

ICT-216405), HELIOS (FP7-ICT-224312), LIMA 

(FP7-ICT-248909). The overall budget in these years 

accounted for more than 3 M€. 

Silicon Nanophotonics 

Silicon photonics is the technology where photonic 

devices are produced by standard microelectronic 

processes using the same paradigm of electronics: 

integration of a large number of devices to yield a high 

circuit complexity which allows for high performances 

and low costs. Here, the real truth is to develop 

photonic devices that can be easily integrated to 

improve the single device performance and to allow 

high volume production.  

We are involved in researching new optical scheme for 

implementing optical network on a chip by using 

concepts of nanophotonics. Transport phenomena of 

charge carriers in solids have several analogies with the 

propagation of light waves in dielectric materials. 

Electronic crystals have an analogue in the form of 

photonic crystals which are artificial materials, where a 

periodic variation of dielectric constant leads to the 

formation of bands where the propagation of photons is 

allowed or forbidden. In the past years we have 

developed one dimensional complex dielectric systems 

based on porous silicon multilayers with the aim of 

studying in depth the photon propagations in these 

complex systems. Nowadays, we use the concept of 

whispering gallery modes which develops in micro-

disks or micro-rings to further tune the photon mode 

density. These disks or rings are coupled directly with 

narrow mode SOI (Silicon-on-Insulator) waveguides. 

High quality factor cavities allow to study fundamental 

quantum optics concept such as Purcell effects or 

optical forces. Series of coupled micro-rings are 

studied to implement novel scheme of phase controlled 

optical networks where EIT (electromagnetic induced 

transparency) is manifested and exploited to route 

optical signals. 

To develop silicon photonics, one further add-on is 

making silicon do something which it is not able to do 

in its standard (bulk) form. Low dimensional silicon, 

where small silicon nanocrystals or nanoclusters (Si-

nc) are developed, is one way to compel silicon to act 

as an active optical material. The key ingredient that 

makes Si-nc appealing for photonics are: quantum size 

effects which makes new phenomena appear in silicon, 

such as room temperature visible photoluminescence, 

optical gain, coulomb blockade and multiexciton 

generation. Our research interests are to exploit 

quantum confinement and reduced dimensionality to 

produce effective light sources, lasers, optical 

amplifiers. In addition, we use quantum confinement to 

increase the nonlinear optical properties of silicon and 

to achieve optical switching. Finally, two new activities 

which are being developed concern the use of strain to 

tune the non-linear optical properties of silicon 

waveguides and the fabrication of polymer devices on 

silicon to implement what we call polymer-on-silicon 

photonics. 

Metamaterials 

The ability of structuring materials well below the 

wavelength of interesting portions of the spectrum of 

electromagnetic radiation has recently generated a 

great deal of attention. The interest in this area of 

research stems from the fact that many macroscopic 

optical properties – for example, the refractive index – 

which have been traditionally bound to material 

properties, such as the chemical composition or the 

natural crystalline structure, can be controlled to a fine 

degree by the artificial control of structural properties. 

Since the resulting overall optical response goes 

beyond what is naturally available, these structured 

systems have been dubbed metamaterials (from the 

Greek prefix "meta-", "beyond"). Examples of useful 

effects are the independent engineering of optical and 

magnetic resonances, which can lead to simultaneous 

negative effective dielectric permittivity and magnetic 

permeability, leading in turn to negative refraction. 

Another notable application is the focusing and the 

resolution beyond the diffraction limits (the superlens 

effect).  

Dynamic photonic crystal are time-dependent 

structures that can enable interesting phenomena, 

potentially attractive for applications (for example, to 

by-pass fundamental trade-offs such as the time-

bandwidth constrain of optical response) as well as for 

fundamental research, where they can be experimental 

frameworks for electromagnetic frequency shifts based 

on Doppler effect, all the way to advanced 

investigation tools for effects predicted in presence of 

large gravitational fields or accelerations. In this 

research, we aim at achieving fast and large tunability 

of permittivity in real time. This will let us generate 

dielectric refracting and reflecting dynamic interfaces. 

The difference from the known phenomenon of 

reflection and refraction is that these interfaces are 

moved, and - importantly - with no true mechanical 

motions of media. Absence of mechanical motions 

allows for potentially very high speed "movements", 

making this an enabling technique to observe intriguing 

phenomena, such as photonic energy lifters, strong 

Doppler shifts, wavelength converters, and, potentially, 

event horizons and emission of Unruh radiation. 

Nanobiotechnologies, antioxidants and human 

health 

All the aspects related to the nano-bio interfaces 

(which are the structures where the co-existence of 
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physical principles and biological molecules is clearly 

evident) are a challenging field of research. Though the 

leading research concerns the design, synthesis and 

dynamic behavior of nano-structured bio-interfaces, 

more specifically we are working on three research 

topics: silicon-based sensing systems, single molecule 

detection, and antioxidant behavior in micelle systems.  

To develop silicon based bio-sensors, we are currently 

focused on silicon based hybrid nanostructures. In 

particular silicon or silicon nitride flat or porous films 

are the starting inorganic support into which bio active 

layers are designed. Biological recognition elements 

are introduced on this hybrid layer. Molecular surface 

density, active layer thickness and integration of the 

bio-active interface with photonic devices will be the 

future challenges to develop the sensor system. In 

addition, we are developing nanostructured hybrid 

interfaces to capture bio-analytes and enhance their 

Raman signals. Gold and silver nanoparticles are used 

as enhancers. We are optimizing the enhancement by 

assembling the bio-active interface into a 

nanomechanic system. 

Beyond traditional sensor applications, silicon 

nanostructures can be used as "nanosensors", which 

monitor the intracellular events without introducing 

irreversible perturbations. To this regard light emitting 

silicon quantum dots appear very promising. We are 

studying the nanoparticle coating to increase optical 

stability and decrease toxicity, moreover conjugation to 

biological molecules and strategies to increase cell 

uptake and control intracellular localization are future 

steps of this research.  

Antioxidant compounds are able to control reactive and 

damaging forms of oxygen, referred to as free radicals. 

Though antioxidants have been largely studied, much 

remains unknown about the human body adsorption 

and use of these compounds. We are investigating the 

synergistic effect of plasma antioxidants at the 

interface of micelle systems. Beyond the basic 

biophysical investigation, the crucial point is the 

development of devices and methodologies to monitor 

the antioxidant action. Being these processes free-

radical mediated, a very high detection sensitivity is 

required. Moreover, to have physiological significance, 

the experiments should be performed in heterogeneous 

systems mimicking an unperturbated biological 

environment. Thus we are proposing a new 

theoretically based methodology to compute 

antioxidant capacity and efficiency starting from 

oxygen concentration measurement, as well as, we are 

designing a nanostructured electrode to monitor 

molecular oxygen in real time. 

Experimental facilities 

The NL facilities allow for detailed experimental 

studies in nanoscience, photonics and biotechnologies. 

Since the effective collaboration with FBK most 

material processing and device production are 

performed within their premises. 

For photonics, we have facilities to cover the light 

spectrum from the THz to UV ranges with whatever 

time resolution is needed. Laser sources comprehends: 

Ti-sapphire fs-ps laser (1 W average over 1000-700 

nm, 2 ps or 70 fs pulses, 82 MHz repetition rate) 

interfaced with a second harmonic generator and pulse 

picker; Nd-Yag laser interfaced with an optical 

parametric oscillator which allows scanning the 400-

3000 nm wavelength region (pulse 50 mJ, 10 ns, 10 

Hz); TOPAS pumped with an amplified Ti:Sa laser 

which covers the 1-2 µm range with 30 fs, 10 kHz, 3 

mJ; two CW Ar lasers; two tunable CW lasers (1200 - 

1700 nm and 1500 - 1600nm) fiber pig-tailed; several 

pig-tailed diode lasers. Detectors comprehend: visible 

and infrared photomultipliers and CCDs, a streak 

camera with ps resolution, helium liquid cooled 

bolometers which cover THz region, avalanche 

photodiodes for vis and IR ranges. To perform spectral 

analysis several apparata are available: FTIR and 

dispersive spectrophotometers, a micro-Raman setup 

and a UV-vis-IR spectrophotometer (co-owned with 

the OS laboratory), UV-Vis and fluorescence 

spectrophotometer dedicated to biochemical 

experiments. Four dedicated apparata for WG 

characterization equipped with nanopositioning 

systems are available, each one specified on a given 

functions: visible, infrared, pump-probe and non-linear. 

Other apparata are: - visible and infrared 

photoconductivity set-up; - two nanoprobe stations 

(AFM and SNOM) coupled with a femto-jet system for 

local infiltration of the samples and biological 

experiments; - two semiconductor probe stations (4 and 

8 inches) and many different electrical characterization 

set-ups (I-V, Z-ω, EL-I, etc.). A probe station is fiber-

bunch interfaced with a spectrometer interfaced with 

IR and visible liquid nitrogen cooled CCD. For sample 

production and treatment and high sensitivity analytical 

detection, an electrochemical laboratory equipped with 

several chemical hots, spinners, galvanostates and 

voltammeters is available. An electron beam 

lithography set-up (SEM attachment) is also owned. 

For optical, electrical molecular dynamic simulations, 

the laboratory uses free and commercial software, a 

dedicated cluster with 16 nodes and work-stations. 

Two laboratories one dedicated to chemical synthesis 

and the second to biological sample preparation are 

also available. 

Selected publications 

- "Photon Energy Lifter", Optics Express 14, 7270 (2006) 

- "Er Coupled Si Nanocluster Waveguide" IEEE- Journal of 

Selected Topics in Quantum Electronics 12, 1607 (2006) 

- "Optical bistability due to capillary condensation in porous 

optical superlattices", Nature Photonics 1, 172 (2007). 

- "Whispering-gallery modes and light emission from a Si-

nanocrystal-based single microdisk resonator", Optics Express 

16, 13218 (2008) 

- "Bound electronic and free carrier nonlinearities in Silicon 

nanocrystals at 1550 nm", Optics Express 17, 3941 (2009) 
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- "Super-linear photovoltaic effect in Si nanocrystals based 
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- "Silicon nanocrystals as an enabling material for silicon 

photonics 

________________________________________ 

HIGHLIGHTS 

1. ER CO-DOPED SILICON NANOCRYSTALS 

WAVEGUIDE FOR LIGHT AMPLIFICATION 

Er doped fiber amplifiers have boosted optical 

communication to the nowadays level of large 

bandwidth and enormous speed. Integrated photonics 

where fibers are replaced by integrated optical circuits 

offer interesting advantages in terms of better 

performance, lower cost and dimension. If integration 

is done on silicon, one can also add the possibility to 

integrate both electronic circuits and photonic circuits.  

 

 
Fig. n. 1 Schematic picture of the energy transfer between Si-nc to 

Er3+ ions and scheme of the EDWA optically pumped from the top. 

 

A viable approach is the use of silicon oxide where Er 

find the same environment as in an optical fiber and 

add a specific nanostructure (silicon nanocluster) in 

order to enhance the performance of the system in term 

of a decrease of the pumping power needed to invert 

the system and of opening the possibility to use 

electrical injection. In a series of works we physically 

modeled the material system, i.e. understood the way 

silicon nanoclusters excite the Er ions, and at the same 

time optimized the system in order to achieve the best 

performances and demonstrate optical amplification. 
 

 
 

Fig. n. 2 Diagram of the excitation process of Er3+ ions via a Si-nc, 

with the main related cross sections 

References 

- Daldosso, D. Navarro-Urrios, M. Melchiorri, C. García, P. 

Pellegrino, B. Garrido, C. Sada, G. Battaglin, F. Gourbilleau, R. 

Rizk, L. Pavesi "Er Coupled Si Nanocluster Waveguide" IEEE- 

Journal of Selected Topics in Quantum Electronics 12, p.1607 – 

1617 (2006)  

- B. Garrido, C. Garcia, P. Pellegrino, D. Navarro-Urrios, N. 

Daldosso, L. Pavesi, F. Gorbilleau, R. Rizk, "Distance 

dependent interaction as the limiting factor for Si nanocluster to 

Er energy transfer in silica" Applied Physics Letters 89, p. 

163103 (2006).  

- D. Navarro-Urrios, N. Daldosso, L. Pavesi, C. García, P. 

Pellegrino and B. Garrido, F. Gourbilleau and R. Rizk, "Signal 

enhancement in Si-Nc: Er3+ optical waveguides: limiting 

factors" Japanese Journal of Applied Physics 46, p. 6626-6633 

(October 2007). 

- D. Navarro-Urrios, A. Pitanti, N. Daldosso, F. Gorbilleau, R. 

Rizk, G. Pucker, L. Pavesi "Quantification of the carrier 

absorption losses in Si-nanocrystals rich rib-waveguides at 1.54 

µm" Applied Physics Letters 92, p. 051101 (2008) 

- D. Navarro-Urrios, A. Pitanti, N. Daldosso, F. Gourbilleau, R. 

Rizk, B. Garrido, and L. Pavesi "Energy transfer between 

amorphous Si nanoclusters and Er3+ ions in a SiO2 matrix" 

Physical Review B 79, 193312 (2009) 

2. OPTICAL BISTABILITY BY CAPILLARY 

CONDENSATION 

The possibility to control optically the photonic 

properties of a material opens numerous possibilities 

for applications. Such a "modulation" can result in 

optical bistability, and allows to control the 

propagation of light by light itself. These optical 

switches are crucial, for instance, for the development 

of all-optical signal processing. 
 

 
 
Fig. n. 3 Schematics of the bistability effects which is based on a 

Zener tunneling structure and on the capillary condensation of gases 

in the porous material. 
 

Most of the previous studies on "optical switching" 

were based on the nonlinear material properties of 

photonic structures, and require very high light 

intensity. Here we present an entirely new strategy, 

based on the optical control of a phase transition in 

porous media known as capillary condensation. The 

optical properties of porous photonic materials were 

observed to be modified through an optically-tuned 

condensation. We showed that this effect results in an 

optical switching of the transmission of a one 

dimensional photonic crystal at low light intensity. 

This new strategy could also be applied for the 

development of new types of environment-dependant 

photonic devices. 
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3. DYNAMICAL PHOTONIC CRYSTALS 

Consider an EM wave that propagates through a 

material characterized by some effective, time-

dependent, dielectric permittivity εeff and magnetic 

permeability µeff. According to classical Hamiltonian 

dynamics, in this case, the EM energy of the wave is 

not constant in time: devices exhibiting real-time 

tunability of εeff (and µeff) are candidates for photonic 

energy lifting and wavelength conversion. A particular 

case of dynamic εeff (and µeff) is the one in which 

traveling dielectric interfaces are realized. Such 

interfaces are enablers for phenomena such as Doppler 

shifted refracted waves, wavelength converters, event 

horizons, and, potentially, detection of Unruh radiation 

and dynamic Casimir effect. Doppler shift obtained this 

way is quantitatively different from Doppler shift by 

mechanical motion. 

 
 

Fig. n. 4  Schematic representation of photon balance in a frame of 

reference O in motion with respect to the frame O’ of media. The 

interface moves with velocity v in O as indicated by the arrow. 

Individual photons are pictorially represented as spheres. The ratios 

of instantaneous fluxes of photons — reflected versus incoming and 

refracted versus incoming — at the interface (i.e., inside the dashed 

circle) are invariant with respect to the status of motion (assumed 

inertial), and are equal to the power reflection and transmission 

coefficients as calculated in the frame at rest with the interface. The 

interpretation of this interesting result is that the interface between 

the two dielectrics acts as a number-conserving and invariant photon 

converter, regardless of its state of (inertial) motion. This joint 

invariance and conservation law is fully contained inside classical 

electrodynamics. 

 

A final restriction to the previous case is the 

requirement that interfaces are sharp. The motivation 

of this further restriction is that sharp interface give rise 

not only to refraction but also to reflection of waves. 

"Sharp" means that transitions between different values 

of εeff must complete on a scale which is small 

compared to the wave period. In space domain, the 

wave period is the wavelength. Space sharpness is well 

within reach by available technology. A resolution of 

several tens of nanometers is enough to fabricate sharp 

interfaces for optical wavelengths (which are some 

hundreds of nanometers). In time domain, on the other 

hand, the period (inverse of frequency) is in the 

femtosecond range for optics, picosecond range for 

THz, nanosecond range for microwaves. Switching 

mechanisms of εeff with large amplitude, and down to 

few picoseconds have been demonstrated in dynamic 

metamaterials. 
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4. NANO-BIOSENSORS 

Luminescent silicon quantum dots have great potential 

for use in biological imaging and diagnostics. However 

to be used in biological environment they must remain 

luminescent and stably dispersed in water and 

biological fluids. One of the main problems is 

instability of photoluminescence due the fast oxidation 

in aqueous environment. We obtained aqueous 

solutions of silicon nanocrystals from porous silicon 

which show a photoluminescence changing with the 

aging time. These changes correlate with nanocrystal 

core dimensions, i.e. with the oxidation of the 

nanocrystals. Infrared spectra show that the reaction 

with water depends on the age of the starting porous Si 

sample, since the native superficial oxide layer on 

porous Si inhibits these reactions. The controlled 

growth of the silicon oxide coating can help to 

solubilize and stabilize Si quantum dots in aqueous 

environment. 
 

 
 

Fig. n. 5 Colloidal suspension of Si-nc illuminated by Uv light. The 

Si-nc are obtained from porous silicon. The porous silicon was 

formed by electrochemical etching of (100) oriented, 2.5–4 Ω cm, p-

type, boron doped, crystalline silicon wafers, previously implanted 

with a thin aluminum film on the back surface. Each sample was 

anodized in a 1:2 HF (48%): ethanol (98%) solution, at a constant 

current density of 10 mA/cm2 for 10 min. After etching the samples 

were aged in ambient air for various times and then sonicated in 

water for about 60 min. The sonication crumbles the porous silicon 
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layer into small particles and produces a luminescent, reddish, 

colloidal suspension of Si-nc. 
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5. SILICON NANOCRYSTALS BASED LIGHT 

EMITTING DEVICES AND SOLAR CELLS 

Silicon nanocrystals (Si-nc) emit light with high 

efficiencies. However, since they are formed in a 

dielectrics (SiO2), it is tremendously difficult to get 

electroluminescence. Destructive high energetic Fowler 

Nordheim tunneling rules the electron injection into Si-

nc based light emitting devices (LED) where only few 

photons are obtained before device failure. In this work 

we developed LED with world record power efficiency 

which are based on direct tunneling of electron and 

holes into Si-nc by engineering the active material. The 

idea is to thin the tunneling barrier (SiO2) down to 2 

nm in such a way that concurrent electron and hole 

direct tunneling into 2 nm wide Si-nc occurs. Indeed 

the LED operates efficiently and at low voltages (1.5 

V). Though the good results, the obtained efficiencies 

are still low and further optimization of the device is 

needed. 
 

 
 

Fig. n. 6  Schematic cross section of the multilayer LED. The inset 

shows a TEM image of the active layer and an optical photograph of 

the device geometry. 

 

Si-nc have been also used to improve the efficiency of 

silicon solar cells. A current gain stage has been 

formed on top of the solar cell, where secondary carrier 

generation in the Si-nc multiplies the photocurrent 

yielding a 10% improvement in the short circuit 

current. 
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6. ACTIVE AND PASSIVE MICRODISKS 

Silicon based microdisks form optical resonators where 

whispering-gallery modes (WGM) can be observed. 

Active microdisks are obtained by inserting in the disk 

a silicon rich oxide layer where nanocrystals are 

produced. The figure-of-merit of a microdisk, the 

quality factor (Q), reflects the dissipated per round trip 

energy from the device. Records value of Q’s are 

obtained by a dedicated processing. Enhancement of 

the radiative recombination rates of Si-nc due to the 

coupling with the WGM (Purcell effect) is 

unambiguously demonstrate. Specific applications 

demand appropriate engineering of device Q’s, among 

which the spectral engineering is particularly 

interesting. Here we describe a strategy for blue-tuning 

of highest Q’s using a new class of microresonators, 

named micro-kylix resonators, in which engineered 

stress within an initially flat bilayer disk results in 

either concave or convex devices (parts (a). 

 
Fig. n. 7  (a) Cross-sectional SEM image of a micro-kylix resonator. 

Insets show the device array (left) and the Greek wine-drinking cup - 

κυλιξ (right). (b) An example of the electrical field distribution of a 

TM-polarized mode. 

 

With a micro-kylix, we achieve large tuning and even 

higher Q’s. The phenomenon relies on geometry-

induced smart interplay between modified dispersions 

of material absorption and radiative loss-related Q-

factors. Micro-kylix devices can provide new 

functionalities and novel technological solutions for 

photonics and micro-resonator physics. Our approach, 

based on easily accessible processing technology, can 

be readily transferred to a variety of materials, allowing 

for realization of both passive and quantum dot micro-

kylixes upon a careful choice of materials and 

engineered stresses. Moreover, the use of piezo-electric 

materials could allow stress-actuated dynamic spectral 

tuning of device Q’s. 
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SCIENTIFIC MISSION 

The OS laboratory 

The focus of the OS laboratory is the study of the 

properties of disordered systems, macro and nano-

materials and their possible technological applications. 

Recently new lines of research have been started, such 

as the study of self-assembling biological molecules 

and the application of spectroscopy to cultural 

heritages. The laboratory is characterized by a strong 

integration between theory and experiments. OS is a 

partnership between members of the Department of 

Physics (Fontana, Montagna, Verrocchio, Viliani,) of 

the CNR institute IFN, CSMFO Lab. (Armellini, 

Alombert-Goget, Chiappini, Chiasera, Ferrari) and 

CNR-SOFT (Caponi). Most of the members of OS are 

also affiliated with the INFM-CNR research centre 

SOFT, which addresses mainly open issues of 

condensed soft matter (glasses, polymers, colloids, 

biological molecules). On the experimental side, OS 

employs several spectroscopic techniques. In fact, the 

instrumentation owned by the laboratory allows time-

resolved visible and IR spectroscopy, fluorescence 

line-narrowing, non-linear spectroscopy, Raman and 

Brillouin scattering. However, most OS researches 

with the best impact in condensed matter physics 

utilize X-rays, neutrons and UV inelastic scattering 

techniques, and are carried out at large national and 

international facilities (ESRF, ILL, ELETTRA, LLB, 

JCNS). On the theoretical side, OS investigates the 

most puzzling features of disordered systems (aging, 

phonon anomalies, glass transition, self-assembly in 

colloids). Beyond introducing and studying analytically 

simplified models, a relevant part of the OS research 

involves numerical simulations, mostly by means of 

Monte Carlo optimized algorithms. This implies a 

massive utilization of computing facilities (BEN at 

Trento, BiFi at Zaragoza, MareNostrum at Barcelona, 

CINECA at Bologna, the latter two being in the list of 

500 top supercomputers). OS cooperates with several 

world leading laboratories, especially at Roma “La 

Sapienza” (Giancarlo Ruocco, Giorgio Parisi). The 

funding of the laboratory during the period 2006-08 

has been provided mainly by the Italian Ministry of 

Research (trough the PRIN projects), by the Provincia 

Autonoma di Trento (PAT projects) and by the INFM-

CNR SOFT centre. During this period OS has 

published about 70 papers in reviews with referees.  

The core business: disordered systems and 

nanomaterials  

The research fields addressed by OS are rather 

heterogeneous. The role played by the disorder is the 

common root to many of them. Disordered systems are 

often synonymous of anomalous behaviour, a typical 

case is the propagation of phonons in amorphous 

solids. As a matter of fact, large deviations from the 

standard Debye theory due to disorder are encountered 

in the excitation spectra. One is the so-called Boson 

Peak, an excess of states with respect to ordered solids. 

Another unexplained feature is the quicker than 

expected decay of propagating phonons. This is 

signaled by the fact that experimentally the width of 

the Brillouin peak is found to be proportional to the 

square of the frequency peak instead than to the forth 

power, as a Rayleigh description of phonon-disorder 

interaction would predict. The research of OS has lead 

to significant advancements in the comprehension of 
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both phenomena, both designing and performing 

Neutron and X-rays scattering (mostly at ILL and 

ESRF) over many different systems at different 

temperatures and densities and developing a novel 

theory of phonons in topologically disordered systems 

based on Euclidean Random Matrix theory. Even the 

propagation of light through disordered media shows 

many interesting features. An example studied within 

OS is the ultra-transparency found in glass-ceramics, 

where nano-crystals are randomly embedded in a glass 

(disordered) matrix. Results from Small angle X-rays 

scattering (SAXS) at ESRF and from numeric 

simulations have been compared, unveiling the 

decisive role played by the correlations of the disorder. 

Another long-standing open issue related to disorder is 

the nature and the origin of the glass transition, an 

ubiquitous phenomenon regarding polymers, super-

cooled liquids, colloids and other soft systems. Close to 

the glass transition such systems undergo a tremendous 

slowing down of their dynamics. Once the transition 

has occurred, they remain out of thermodynamic 

equilibrium over human time-scales and show aging 

(the response to external perturbation depends on the 

age of the system), rejuvenation (the system may 

response as a younger one upon temperature changes) 

and memory (aging is apparently erased by re-heating 

but it restarts from the point previously reached when 

the system goes back to the initial temperature). OS has 

worked on the development of a theoretical scenario 

for the glass transition, which is based on the concept 

of Random First Order Theory (RFOT) transition. 

Turning to phenomena more typical of soft matter, it 

has become of tremendous relevance the study of the 

so-called self-assembly. The interactions between 

colloidal particles and polymers may be tuned to have 

various range and directionality, in such a way that 

such systems assemble themselves in a previously 

chosen structure. This is utilized typically to build 

nanostructures with functionalities that are predefined. 

Within OS we have mainly focused on the study of the 

spectroscopic changes due to self-assembly. OS has 

worked on the development of a theoretical models for 

the description of the acoustic-like vibrations of 

nanoparticles and models for the Raman-Brillouin 

spectra. From the experimental point of view, many 

rare-earth activated ultratransparent glass-ceramics 

have been produced by sputtering and sol-gel 

techniques and studied by low frequency Raman 

scattering, X-ray diffraction, transmission electron 

microscopy, small angle X-ray scattering, EXAFS, 

luminescence and m-line spectroscopy. The high 

transparency has been explained by considering the 

quenching of the Rayleigh scattering due to 

interference effects caused by small density 

fluctuations in the spatial distribution of the nano-

crystals, which grow in a diffusion limited process. As 

regards the technological application, the research 

activities focus on preparation and characterization of 

dielectric glass-based materials for photonics and 

optoelectronics, as optical amplifiers, spherical 

microlasers, photonic crystals-based devices, 

innovative laser sources. In particular, the sol-gel 

technique has been proved by OS research to allow the 

development of photonics materials with controlled 

optical, spectroscopic and structural properties.  

New research themes: biological molecules and 

cultural heritages 

In collaboration with the Bioorganic Laboratory of the 

Department, we have recently focused our attention on 

some molecular systems of chemical-biological 

interest. In fact spectroscopy, supported by ab-initio 

computations, can be an useful tool for the study of 

molecular systems, in particular supramolecular 

systems, such as inclusion complexes. Complexation 

process is an example of self-assembly where the host 

molecule can coordinate the guest molecules of another 

compound trough non-covalent bonds (tipically 

hydrogen bonds, Van der Waals and hydrophobic 

interactions). The study of the non-covalent forces 

involved is of paramount importance for the design of 

synthetic inclusion compounds, new drugs and 

materials, enzyme-analogue catalysts. In particular, 

Cyclodextrins (CD) are the most relevant example of 

relative simple organic molecules which are able to 

form inclusion complexes with other organic and 

inorganic compounds and they find many applications 

in a wide range of technological fields, especially 

pharmaceutical. Using Raman scattering experiments 

and numerical simulations, we have investigated the 

effects of the molecular encapsulation by CD on the 

vibrational properties of some non-steroidal anti-

inflammatory drugs, indomethacin and ibuprofen, and 

of the isoflavone genistein: these molecules have 

limited solubility in water and its CD complexes are 

commonly used in pharmaceutical preparations in 

order to overcome this problem and increase its 

therapeutic applications. The Raman spectra of 

molecular complexes are sensitive to the interactions 

responsible for the formation of the complexes 

themselves, and provide information on the atomic 

groups of hosts and guests molecules involved in such 

bonds; ab-initio and classical simulations allow to 

disentangle single-molecule effects, from changes in 

the solid state structure or dimerization processes.  

Recently, the OS group has started a research activity, 

in collaboration with colleagues of the Department of 

Ingegneria dei Materiali e Tecnologie Industriali and 

FBK on some subjects in the field of Cultural 

Heritages. In collaboration with the Brera Pinacoteca, 

the priming of several paintings by Hayez, chosen over 

a time span (1812-1879) covering most of his career 

were characterized by complementary structural 

techniques. The study shows an extreme variety in the 

priming used by the artist. While the main components 

of the layers of the priming are usually white lead, 

barite and calcite, their concentration along the 

thickness (between 100 and 500 microns) of priming 

may change considerably. Moreover, aluminosilicates 

(clays/earths) were added as filler. According to 

number of layers, composition and grain size at least 

five different preparation methods for the canvas were 

recognized. From the point of view of the conservation, 
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it is interesting to note that separated layers allow 

blocking of the cracks originating on the surface. The 

structure and shape of goethite and hematite 

nanocrystals has been studied by X-ray diffraction, 

TEM and Raman. The comparison of the 

microstructure of archeological ochres with reference 

samples annealed at different temperature, allowed to 

show the presence of a technological process for the 

production of pigments used to paint the stones found 

at riparo Dalmeri, dated 10000 BC. Studies of the 

degradations of acrylic pigments and polymeric 

materials are in progress. Within a PAT project, we are 

developing the spectroscopic imaging technique for a 

fast recognition of materials and their degradation. 
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HIGHLIGHTS 

1. THE MOSAIC PICTURE OF THE GLASS 

TRANSITION 

Super-cooled liquids show a dramatic slowdown of 

their dynamics upon cooling without any obvious 

structural or thermodynamic change. Several theories 

relate the slowdown to increasing spatial correlations. 

However, standard static correlation functions show no 

sign of this and it is only recently that a static growing 

correlation length ξ has been clearly detected in glass-

forming liquids by our group [1,2], by introducing and 

measuring a point-to-set correlation function. The idea 

is the following: consider a liquid region of size R 

subject to amorphous boundary conditions provided by 

the surrounding liquid frozen into an equilibrium 

configuration. The external particles act as a pinning 

field favoring internal configurations which best match 

the frozen exterior. Clearly, the effect of the border on 

the innermost part of the region is smaller as R grows 

larger. Less trivially, on lowering the temperature the 

effect of the amorphous boundary conditions 

propagates deeper into the region. More precisely, if 

we measure some correlation (or overlap) q(R) 

between the initial configuration of the region and that 

reached at infinite time under the effect of the 

amorphous boundary conditions, the decay of q(R) is 

slower the lower T [1,2], which shows the existence of 

an increasing static correlation length ξ (see figure 

below). The function q(R) is the point-to-set 

correlation function. Interestingly it displays a strongly 

non-exponential decay at low temperature, which is a 

unique thermodynamic landmark of the deeply super-

cooled phase [2] and finds an explanation in the 

context of Random First Order Transition (RFOT) 

theory.) 

 

 
Fig. n. 1 The overlap q(R) in a simple glass model at different 

temperatures (from right to left) 

 

According to RFOT theory, the decay of q(R) is 

regulated by the competition between a surface energy 

cost, YR
θ
, trying to keep the region to the same 

amorphous state as the external configuration, and a 

configurational entropy gain, TΣR
d
, favoring a 

transition to another of the exponentially many 

metastable amorphous states available to the region. 

The cost/gain terms balance R=ξ = (Y/TΣ)
1/(d-θ)

: for 

R<ξ the surface cost keeps the region in the same state 

as the external environment; for R>ξ the entropic gain 

dominates and the region is free to rearrange. RFOT 

theory therefore identifies the scale of the decay of 

q(R) with the typical size ξ of the rearranging regions, 

and this is the static correlation length. Note that ξ it is 

also the largest scale over which it is sensible to define 

a metastable state: a state defined over a region much 

larger than ξ is unstable against fragmentation into 

amorphous excitations of typical scale ξ. The existence 

of many amorphous excitations is central to the 

mechanism of relaxation of RFOT. But for such 

nontrivial excitations to exist, a nonzero surface 
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tension is necessarily required. Moreover, the regime 

of validity of RFOT is bounded by a spinodal 

mechanism. As a matter of fact, RFOT scenario 

predicts the surface tension Y between finite-

dimensional amorphous excitations vanishes at 

temperatures higher than some spinodal point. Our 

group has recently developed a numeric protocol to 

measure the surface tension between amorphous 

excitations and to test the validity of the spinodal 

scenario [3,4]. The determination of the surface free 

energy between the amorphous excitations is very 

challenging, because the interfaces are hard to detect 

and their lifetime is necessarily finite. Excitations are 

constantly forming and relaxing: this is the relaxation 

mechanism RFOT, through which the whole liquid 

state is slowly explored. Given a pair of typical 

configurations obtained in simulations, we exchange 

between them all particles located within a sphere of 

radius R and measure the excess energy at various 

values of T in order to infer the surface tension among 

the two configurations. In this way, we have confirmed 

the spinodal point scenario[3].  
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2. UNIVERSAL ANOMALY OF THE 

DISORDERED SYSTEM: THE BOSON PEAK 

Compared to their crystalline counterparts, disordered 

materials present a non-Debye behaviour of the 

vibrational density of states, g(ω). The existence of an 

excess over the prediction of the Debye theory shows 

up as a broad band, the so-called boson peak (BP), in 

the reduced density of states, g(ω)/ ω
2
. Despite the 

effort that in the last years has been devoted to the 

characterization of the BP, its nature remains the object 

of a controversial debate. Recent studies suggest the 

central role played by the changes in the elastic 

properties to explain the BP modifications. By our 

group, the BP has been recently investigated on glasses 

as a function of temperature [1,2], on permanent 

densified systems [3], by specific heat, Raman and 

neutron scattering measurements. For the first time, we 

studied, as a function of time, the modifications of the 

BP and of the Debye level that occur in a reactive 

mixture when the monomers irreversibly polymerize 

under constant T and P [5]. As the reaction proceeds, in 

the initially liquid solution an increasing number of 

loose van der Waals bonds are replaced by stiffer 

covalent bonds. This process slows down the molecular 

diffusion and ultimately leads to a frozen, glassy 

structure (chemical vitrification).  

The evolution of the BP is investigated by Raman 

scattering measurements from the liquid to the glassy 

phase.  

 
Fig. n. 1 Time dependence of the BP in a reactive mixture 

 

We find that the low-frequency spectra, as the polymer 

structure develops, always scale with the corresponding 

value of the Debye frequency. The shift and the 

intensity decrease of the BP can be fully explained by 

the corresponding changes of the Debye level: a master 

curve is generated after rescaling with the Debye 

frequency. 

 

 

Fig. n. 2 Boson Peak master curve obtained rescaling by Debye 

frequency. 

Therefore, a significant transformation of the BP—

even in the liquid phase—is shown only to be 

determined by the change in the elastic moduli of the 

medium, independently of the occurrence of 

modifications of the sample’s microscopic structure. 

This result then supports models of the BP that are 

formulated in terms of elasticity theory in which the 

role of the local structure is not relevant. 
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3. SOL-GEL AND R.F. SPUTTERING DERIVED 

PHOTONICS SYSTEMS 

Amorphous silica-hafnia planar waveguides, activated 

by 0.3 mol% Er
3+

 ions were prepared by two different 

techniques, rf sputtering and sol-gel, using dip-coating 

deposition on v-SiO2 substrates. Thermal treatments of 

the waveguides produce hafnia nanocrystals of 

increasing size (2-10 nm), which englobe the erbium 

ions [1]. These glass-ceramic waveguides play a 

significant role, because they combine the mechanical 

and optical properties of the glass with a crystal-like 

environment for the RE ions that produce sharp line 

luminescence typical of crystals [2]. A model for 

accounting of the low losses of these glassceramics has 

been developed. Interference effects strongly reduces 

the Rayleigh scattering, due to the auto-assembling of 

the systems with small density fluctuation in the 

particle number. (Figure 1) 

 

 

 
 

Fig. n. 1 Nd doped sol-gel tapered rib WG laser schematic view, not 

drawn to scale for clarity. a IO grating coupler, b partial reflection 

grating, and c total reflection grating. The resonant coupling angles 

via the IO-grating coupler are shown as −10° 

A fully monolithic Nd doped silica-hafnia sol-gel 

tapered rib waveguide laser was designed, fabricated, 

and studied. A continuous wave pumping was coupled 

in via an input-output grating which has also coupled 

out the lasing signal, while reflection gratings 

supported the feedback [4]. A lasing threshold of 20 

mW and an output power of up to 2.45 mW were 

measured from a 3 cm long device. Theoretical 

simulations were found in good agreement with the 

measurements. With a guiding layer thickness of only 

604 nm, which is ideal for evanescent field sensing, 

this laser source may enable fully monolithic optical 

based prospective laboratory-on-chip devices. 

We fabricated channel waveguides by direct UV 

photoimprinting on sputtered 75SiO2–25GeO2 (mol %) 

thin films doped with erbium and ytterbium [5]. 

(Figure 2) 

 

 
 

Fig. n. 2 Photo-induced phase grating after irradiation at 248 nm in 

a SiO2-GeO2 waveguide, fabricated by r.f. sputtering.  

One-dimensional dielectric photonic crystals activated 

by Er
3+

 ion was fabricated by rf-sputtering deposition. 

The cavity was constituted by an Er
3+

-doped SiO2 

active layer inserted between two Bragg reflectors 

consisting of six pairs of SiO2 /TiO2 layers [6]. 

Intensity enhancement and narrowing of the 
4
I13/2→

4
I15/2 emission band of Er

3+
 ion, due to the cavity 

effect, were observed. A cavity quality factor of 171 

was achieved. 
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4. SOL-GEL DERIVED CONFINED 

STRUCTURES, PHOTONIC CRYSTALS, 

MICRORESONATORS, SPHERICAL 

NANOPARTICLES. FABRICATION AND 

DIAGNOSTIC 

Monodisperse colloidal spheres in solution can self-

organize into an ordered structure if their size is 

adequate and their size polydispersivity is low enough, 

yielding a periodic photonic bandgap structure, or 

Photonic Crystal. Furthermore, monodisperse colloidal 

spheres of predictable size and shape, activated with a 

controllable concentration of rare earth ions like Er3+, 

lasing threshold @ 

20 mW 

λ  = 1062.4 nm
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have significant potential for use in optical devices 

such as micro-lasers, integrated optics structures, 

luminescent markers or nanosensors and active 

photonic band gap materials. A sol-gel fabrication 

protocol was elaborated obtaining silica microspheres 

of 270 nm diameter with a polydispersivity less than 

5% [1]. We have demonstrated that large well-ordered 

crystals, with an fcc structure, of synthetic opal can be 

produced in few days starting from these spheres by 

vertical deposition or evaporation-assisted 

sedimentation. Transmission measurements show stop 

band depth of 40% with a width ∆λ/λ= 0.07. We also 

fabricated Er
3+

-activated inverted opals by the sol-gel 

process. The template was prepared using a vertical 

deposition technique. The void spaces of the opal 

template were then infiltrated by silica sol activated by 

erbium ions. The template was removed and complete 

densification of the structure with elimination of the 

adsorbed water was obtained by heat-treatment. The 

average dimension of the air-hollows was ~210 nm. 

The inverse opal exhibited violet regions, and the 

reflected light was easily observed by the naked eye, 

because the bright color resulted from optical Bragg 

diffraction from the crystal planes. Stop band was 

between 260-300 nm, as a function of the incident 

angle used in the reflectance spectra. Figure 1 shows 

that the photonic crystals an be used as strain sensors: 

by bending the substrate, the distance between planes 

of spheres and therefore the reflected color changes [2]. 

(Figure 1) 

 
Fig. n. 1 Photonic crystals for monitoring fatigue phenomena in steel 

structures  

In a dielectric microspherical cavity, the light can be 

guided by total internal reflection in whispering gallery 

modes (WGMs) with the beam strongly confined close 

to the sphere surface around the equator. High Q factor 

and small volumes of WGMs are unique features 

making these cavities of great interest for the 

investigation of fundamental processes in quantum or 

non linear optics as well as for applications in 

photonics and sensing. Silica microspheres, serving as 

the basic spherical resonator structure, were made by 

melting the end of a stripped standard 

telecommunication fiber (SMF 28) using either a fiber 

fusion splicer or a CO2 laser. The sphere diameter can 

be controlled in a range between tens and several 

hundreds microns. In order to activate the resonator, a 

rare-earth-doped thin film was deposited using sol-gel 

method. We used a 70SiO2-30HfO2 film doped either 

with 0.1 mol% or with 1 mol% of Er
3+

 ions As a result 

of the procedure, crack free films surrounding the 

microspheres were obtained. (Figure 2) 

 

 

Fig. n. 2 Single Er3+-activated silica sphere of about 100 µm sticked 

on a silica tapered fiber by an optically transparent adhesive 

component. 

 

The whispering gallery modes at 1480 nm were excited 

with a tapered fiber. Er
3+

-activated SiO2 microspheres 

were prepared also by acid catalysis [3]. The produced 

spheres had diameters ranging from hundred 

nanometers to approximately 100 µm. These silica 

spheres can be sorted as a function of the dimension 

and then stuck on the tip of a silica tapered fiber by 

means of an optically transparent adhesive component 

in order to easily handle them for spectroscopic 

measurements. High quantum efficiency was observed 

for the erbium luminescence.  
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SCIENTIFIC MISSION 
The activity is centered on the solution of structural 

and dynamical problems in Solid State Physics, mainly 

through X-ray spectroscopy with Synchrotron 

Radiation and a basic activity in the home Laboratory. 

EXAFS spectroscopy on crystalline materials. 

EXAFS, say the fine structure of the x-ray absorption 

coefficient, is a well-established probe of the structure 

of systems disordered at the atomic level. The group 

has gained an internationally recognized leadership in 

the study of the effects of thermal disorder on EXAFS, 

not only contributing to increase the accuracy and 

reliability of the results of EXAFS experiments but 

also opening new perspectives for the study of the 

local dynamics in crystalline and non-crystalline 

solids.  

Particularly relevant results recently obtained by the 

group are the detection of the isotopic effect in 

germanium and the elucidation of the local 

mechanisms of negative thermal expansion (see 

Highlights below). 

Local structure and dynamics of glasses 

The local structure of glasses by EXAFS spectroscopy 

is a well-established research topic of the group, which 

has developed also competences and equipment on 

preparation and characterization of glassy materials by 

different methods. Systematic EXAFS studies, 

performed as a function of temperature and 

concentration in different glassy systems, required the 

development of new approaches to data analysis and 

interpretation. The most relevant recent result concerns 

the discovery of a correlation between the properties of 

the I-Ag coordination and the activation energy for ion 

conduction in a large set of AgI-doped fast-ion-

conducting glasses (see Highlights below). 

Materials for electronics and photonics 

The group has a long experience in studying 

amorphous semiconductors and glasses for photonic 

applications. In particular, we have investigated the 

local structures around dopant and rare-earth ions, 

together with their evolution when crystallization or 

growing of nanostructures is produced. A large activity 

has been done recently on Erbium-containing systems. 

EXAFS of the environment of the Er and Hf ions and 

diffraction studies in ultra-transparent silica glass-

ceramics doped with Hafnia allowed us to explain the 

process of optimization of optical properties.  

Synchrotron Radiation Instrumentation 

After its pioneering work at the Synchrotron facility of 

Frascati in the first eighties, since the first nineties the 

group participates to the team responsible for the 

construction, scientific management and technical 

maintenance of the italian beamline BM08-Gilda at the 

European Synchrotron Radiation facility ESRF in 

Grenoble, dedicated to X-ray spectroscopy and 

diffraction. 

 

 
 

Fig. n. 1 The X-ray absorption apparatus at the BM08 beamline of 

ESRF, designed and realized at the Department of Physics of Trento. 
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Nano-scale chemical mapping 

Continuing the activity devoted to develop special 

equipment for Synchrotron Radiation experiments, the 

group has been in charge of the exploitation of the 

XEOL signal (X-ray excited Optical luminescence) 

within the European Community Strategic Project “X-

TIP”. The X-TIP cooperation aimed at developing a 

complex device for nano-scale chemical mapping and 

detection of surface structural modification by the 

joined use of X-ray micro beams and tip assisted local 

detections. The feasibility of XEOL-XAFS 

measurements with the near-field optical microscope 

assembled by the X-TIP team has been demonstrated; 

morphological and EXAFS measurements at sub-

micrometric resolution have been performed on ZnO 

and ZnO-ZnWO4 luminescent nanostructures (see 

Highlights below). 
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HIGHLIGHTS 

1. Local mechanisms of negative thermal expansion 

It is well known since long time that some substances, 

such as silicon, germanium and some two-atomic 

tetrahedrally bonded semiconductors, undergo negative 

thermal expansion (NTE) within limited temperature 

intervals. The interest towards NTE has been renewed 

in the mid-nineties by the discovery of several 

framework crystals that undergo strong isotropic NTE 

in very large temperature intervals. 
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Fig. n. 2 Negative thermal expansion of selected materials. 

 

Such findings are technologically relevant, and 

stimulated new efforts towards a deeper understanding 

of the origin of NTE. 

The macroscopic expansion, measured for example by 

Bragg diffraction, is the net result of a positive 

contribution due to bond stretching and a negative 

contribution due to tension effects connected to atomic 

vibrations perpendicular to some inter-atomic bonds. 

The possibility of disentangling the two effects by a 

direct experimental probe gives original information on 

the origin of NTE, and more generally on the local 

dynamical behavior of crystals. A particularly effective 

approach to this problem is represented by EXAFS 

spectroscopy. 

The pioneering investigations of our laboratory on 

model systems such as Ge and Cu [1] have evidenced 

the differences and the complementarities of EXAFS 

and Bragg diffraction. While Bragg diffraction 

measures the thermal expansion of the distance 

between average positions, EXAFS measures the 

expansion of the average distance. Besides, while 

Bragg diffraction measures the thermal factors of each 

atom, EXAFS measures the average relative 

displacements of pair of atoms, both parallel and 

perpendicular to the direction of the inter-atomic bond.  

A systematic EXAFS investigation has been performed 

in the last years on several NTE crystals, characterized 

by different structures [2]. Figure 3 refers to Ag2O. 

Some common features are shared by the different 

systems. The thermal expansion measured by EXAFS, 

say the bond expansion, is always positive; one can 

connect it to the stretching effect on a given pair of 

atoms embedded in the crystal. It is worth noting that 

the stronger the lattice negative expansion, the stronger 
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is the bond positive expansion, and the stronger are the 

relative vibrations perpendicular to the bond. There is a 

clear correlation between the NTE properties and the 

perpendicular to parallel anisotropy of relative atomic 

vibrations, which in turn can be connected to the 

tension effects.) 
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Fig. n. 3 EXAFS results on the NTE crystal Ag2O. 

 

The possibility of experimentally disentangling the 

stretching and tension effects gives new original 

information on the effective potentials of atomic pairs 

embedded in condensed systems, and opens new 

perspectives for the study of the local structure and 

dynamics of nano-structured systems and of interfaces. 
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2. Isotopic effects in germanium 

The structural, electronic and dynamical properties of 

crystals are mainly dependent on the atomic number of 

the constituent atoms. However, the isotopic 

composition has a subtle but non-negligible influence 

on some basic properties, like density, phonon widths, 

and electronic energy gaps. Isotopic effects are relevant 

not only for their basic scientific interest, but also for 

several possible technological applications.  

The dependence of the dynamical properties of crystals 

on the isotopic composition is of primary importance. 

The force constants depend on atomic species and 

crystal structure. The zero-point amplitude of atomic 

vibrations is however influenced also by the nuclear 

masses, the lighter isotopes undergoing larger 

oscillations than the heavier ones. As a consequence of 

anharmonicity, the difference in zero-point amplitude 

of motion reflects on a difference of inter-atomic 

equilibrium distances and lattice parameters. In the 

case of germanium, the expected relative change in the 

lattice parameter between 
70

Ge and 
76

Ge is as small as 

∆a/a≈5×10
-5

. These effects, of genuine quantum origin, 

progressively disappear when temperature increases. 

An investigation of the isotopic effect on the 

amplitudes of nearest-neighbors relative vibrations 

(parallel mean square relative displacement, MSRD) 

and on the nearest-neighbors average distance in 

powdered samples of 
70

Ge and 
76

Ge has been 

performed by EXAFS spectroscopy, thanks to a 

cooperation between russian, latvian and italian 

researchers. 

Two highly isotopically enriched Ge samples with the 

degrees of enrichment 98.2% for 
70

Ge and 99.9% for 
76

Ge have been produced at the Kurchatov Institute 

(Russia), and their Ge K-edge EXAFS spectra have 

been recorded with high accuracy from 20 to 300 K at 

the beam-line BM29 of ESRF (Grenoble).  

The difference of the MSRD values for two isotopes 

has been clearly evidenced (Fig. 4) and is in good 

agreement with the behavior expected from the 

Einstein model based on the single force constant 

k0=8.496 eV/Å
2
 and two characteristic frequencies: 

7.70 THz for 
70

Ge and 7.39 THz for 
76

Ge. 
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Fig. n. 4 Difference of the EXAFS MSRDs as a function of 

temperature for the two isotopes 70Ge and 76Ge. The solid line shows 

the difference between two Einstein models.  

 

The effect of isotopic mass has been revealed also in 

thermal expansion. 
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Fig. n. 5 Difference of the nearest-neighbors average inter-atomic 

distance in 76Ge and 70Ge, determined from EXAFS analysis 

(diamonds), compared with the difference of distances between 

average positions determined from x-ray backscattering (circles). 
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The zero-point values of the nearest-neighbors average 

distance measured by EXAFS are consistent with the 

values of distance between average positions measured 

by Bragg diffraction, once the effects of vibrations 

perpendicular to the bond are taken into account. The 

possibility of detecting relative distance variations 

smaller than 10 femtometers by means of a 

conventional transmission EXAFS apparatus and a 

standard procedure of data analysis has been 

demonstrated. 
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3. Correlation between I-Ag distance and ionic 

conductivity in AgI fast-ion-conducting glasses 

Fast-ion-conducting (FIC) glasses, whose values of 

ionic conductivity are comparable to those of liquid 

electrolytes, are of wide interest for their potential 

applications in solid electrochemical devices, including 

batteries, sensors, and smart windows. The 

understanding of transport properties in FIC glasses is 

a challenging problem from both points of view, of 

applied and of basic research, whose solution may 

allow the design of new glasses with optimized 

properties for various applications.  

Our group is active in this field since many years, and 

systematic investigations as a function of temperature 

and compositions can now been summarized to 

enlighten general behaviors depending on the short-

range properties of the AgI-based FIC glasses, where 

silver is the conducting species. From a 

phenomenological point of view, the direct-current 

ionic conductivity is described by an Arrhenius law, 

where the activation energy Ea is the mean energy for a 

‘‘cation jump’’. In particular, we have analyzed the 

EXAFS results on the local structure around Iodine in 

different families of AgI-based glasses (borates, 

phosphates, molybdates, tungstates) as a function of 

their ionic conductivity. We have found out, for the 

first time, a general correlation between the I-Ag 

distance measured by EXAFS and the glass activation 

energy Ea for ionic conductivity. Glasses with longer 

average I-Ag distances display lower Ea, as 

documented in Figure 6: there is an unexpected 

common trend for very different host glassy matrices. 

The activation energy can be written as a sum of two 

terms: the first (binding energy) is the mean energy a 

cation requires to leave its site, the second (strain 

energy) is the mean kinetic energy a cation needs to 

open a ‘‘doorway’’ in the structure to pass through. 

The decrease of the activation energy induced by salt 

doping was mainly associated to a lowering of the 

strain energy. However, on the basis of the present 

experimental results (i.e., the same decrease of the 

activation energy with increase of the I-Ag distance), 

we can guess that also the binding energy term gives a 

significant contribution to the enhancement of the ionic 

conduction. We attribute the changes of the mean I-Ag 

distance measured by EXAFS to the progressive 

growth of the population of Ag ions with mixed I-Ag-

O coordination. 
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families of AgI-based glasses at LN temperature, plotted against 

their activation energy for dc ionic conductivity. The dashed line is 

the reference value of crystalline β-AgI. 
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4. Nano-scale chemical mapping (X-Tip project) 

The understanding of phenomena occurring in nano-

systems strongly needs experimental techniques able to 

work at the nano-scale. A multi-modal approach based 

on the coupling of methods capable of providing 

chemical as well as structural information is a possible 

starting point to bring together the processing tools, 

characterization equipments and technical expertise 

needed to span these length scales. 

For instance, the extremely high lateral resolution of 

Scanning Probe Microscopes (SPMs) makes them 

leading actors in all domains of nanoscience and 

nanotechnology. SPMs provide key information on 

surface morphology and allow a local characterization 

of a wide number of physical properties, with a 

resolution going down to the atomic scale. These tools 

suffer, however, from a lack of chemical sensitivity.  

On the other hand, X-ray Absorption Spectroscopy 

(XAS) probes the average chemical and structural 

properties around selected atoms, being able to 

determine chemical composition and state, bond 

lengths, coordination numbers and dynamical 

properties on the atomic scale. The main limitation of 

XAS is the lack of spatial resolution, the lateral 

resolution being coincident with the dimensions of the 

x-ray beam and the in-depth resolution being strongly 

dependent on the x-ray energy. Furthermore, the 

possibility of "touching" and mechanically interacting 

with samples of nanometric dimension is a feature that 

synchrotron radiation does not exhibit, despite its 

importance as a characterization tool in the nanoworld.  
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Thus, special local sensitive methods, having nano-

scale resolution, are required for adequate 

investigations of nano-crystalline thin films. The “X-

TIP” STRP project supported by the European 

Commission under the 6
th

 Framework Programme 

strove to address these needs [1]. We have developed a 

new experimental XAS-SNOM technique, combining 

x-ray absorption spectroscopy using synchrotron 

radiation micro beams with scanning near-field optical 

microscopy (Fig. 7): its capabilities have been explored 

using two types of experiments, on samples showing x-

ray excited optical luminescence (XEOL) [2,3].  

 

Local Probe Microscopy Local Probe Microscopy 
XX--Ray Absorption Ray Absorption 

Spectroscopy using Spectroscopy using 

Synchrotron RadiationSynchrotron Radiation

 
Fig. n. 7 The X-TIP project joins the chemical selectivity and the 

sensitivity to local atomic structure of X-ray Absorption 

Spectroscopy with the lateral resolution of Scanning Microscopy. 

 

Within an international cooperation including several 

Universities and the ESRF Synchrotron Radiation 

Facility, we demonstrated that it is possible to measure 

good XAS signal through the SNOM tip, being in a 

fixed point at the sample surface and collecting XEOL 

with the lateral resolution of the optical probe. 

 

 
Fig. n. 8 XEOL-XANES spectra acquired on different points of a 

mixed film ZnWO4/ZnO at Zn and W absorbing edges.  

 

In addition, the apex of the optical fiber plays the role 

of a topographic probe, and chemical and topographic 

mappings can be simultaneously recorded: in fact, it is 

possible to perform simultaneous topography and 

XEOL scanning imaging at different fixed X-ray 

excitation energies, in order to detect contrast in XEOL 

signals related to the absorption edge of a selected 

atom (Fig. 9). 

The developed technique is a promising tool to study x-

ray luminescent nano-objects. Deeper understanding of 

the possibilities and limitations of the technique 

requires further investigations. 

 

 
 
Fig. n. 9 Topographic image (left) and distribution of the 

luminescent phases (ZnWO4 center, ZnO right) for a mixed 

ZnWO4/ZnO thin film. All images (18×18 µm) refer to same region of 

the sample. 
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SCIENTIFIC MISSION 
The IdEA laboratory (Hydrogen, Energy, and the 

Environment) of the Physics Department brings 

together specific expertises in material science to study 

and synthesize new materials relevant to energy field 

and to the environment. Basic research activity is 

currently performed on phenomena occurring under 

radiation (laser, electrons, positrons) interaction with 

surface and molecules, as well as on photocatalysts, 

where solar radiation is used to generate electron-hole 

pairs on oxide having appropriate band gaps to make 

water splitting. The research activity of the IdEA 

Laboratory is basic to face up the problems connected 

to the hydrogen production with photo- 

electrochemical processes, the hydrogen storage in 

reversible and irreversible hydrides, the use of 

hydrogen in fuel cells by developing new molecular 

sieves for gas purification. In addition there is activity 

on solar energy concentrator: a new methodology was 

recently patented to build solar concentrator able to 

perform 20. 000 sun concentration. The new apparatus 

is utilized to produce electrical current by using 

thermodynamical engines as well as three-junction 

solar cells with efficiency of about 40 %. Cooperation 

is with national and international labs, by also 

including private companies for solar energy storage 

through hydrogen and zero-emission engines. Also in 

the past the IdEA laboratory was involved on applied 

research projects. Here we have to remember the 

special equipment for the treatment of the bearing balls 

surface, completely developed in our laboratory and 

now operating at the IAE company that is leader in X-

apparatus like TAC. For details see:  

http://www.iae.it/ricerca.html. In addition, a special 

software was developed to make a full control of the 

electromagnetic power generated by broadcasting 

stations over the entire region of the Bolzano city. Now 

at any point of the city the intensity of the e-field 

associated to e.m. is know, see: 

http://gis.gvcc.net/elettrosmog/ 

 

Research activities recently started in cooperation with 

the CERN antiproton decelerator. The primary 

scientific goal of the Antimatter Experiment Gravity 

Interferometry, Spectroscopy (AEGIS) is the direct 

measurement of the Earth’s gravitational acceleration 

“g” on antihydrogen. In the first phase of the 

experiment, a gravity measurement with 1% precision 

will be carried out by sending an antihydrogen beam 

through a classical Moiré deflectometer coupled to a 

position sensitive detector. 

Research lines of the laboratory 

• Synthesis of new materials by combining 

deposition techniques: RF-sputtering, DC-

sputtering, Pulsed Laser Deposition. Synthesized 

materials are intended for hydrogen storage, 

catalysts to produce hydrogen from hydrolysis of 
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chemical hydrides. There is also activity to prepare 

oxide for optoelectronic application. 

• Controlled modification of hydride surfaces to 

improve the absorption / desorption processes of 

the hydrogen molecules;  

• Synthesis of thin films on porous materials to 

produce molecular sieves to selectively separate 

hydrogen from CO and other impurities;  

• Development of photo-electrochemical cells for 

water splitting by optimizing the processes of 

photo- absorption and photo-excitation ; 

• Study and characterization of porosities by 3-

gammas Positron Annihilation Spectroscopy (3 

gammas-PAS), in thin porous films for 

developments of molecular sieves; 

• Study, by Depth Profiling Positron Annihilation 

Spectroscopy (DP-PAS), of the effects due to open 

volume defects (from vacancies to nano-cavities) 

on: a) dielectrics properties of oxides based on C 

and Si, b) absorption and desorption kinetics of 

hydrogen from hydrides; 

• Characterization of the chemical environment of 

the open volume defects and porosities by Dual 

Doppler Broadening in coincidence technique 

(DDB-PAS);  

• Solar concentrator to produce thermal and 

electrical energy by using Stirling engines as well 

as three-junctions solar-cells; 

• Activities of technological transfer. 
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- New insights on the mechanism of palladium-catalyzed 

hydrolysis of sodium borohydride from B-11 NMR 
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Miotello Journal of Physical Chemistry B 110, 17024-17033 

(2006)  

- Hydrogen kinetics in magnesium hydride: On different catalytic 

effects of niobium, N. Bazzanella, R. Checchetto, A. Miotello, 

C. Sada, P. Mazzoldi, P. Mengucci, Applied Physics Letters 89, 

Art. Number 014101 (2006) 
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Mirenghi , P. Rotolo, Applied Catalysis A-General 323, 18-24 

(2007),  

- Pd-C powder and thin film catalysts for hydrogen production 
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scattering S. Mariazzi, A. Salemi and R. S. Brusa Phys. ReV. B 
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- Physically and chemically synthesized TiO2 composite thin 

films for hydrogen production by photocatalytic water splitting, 
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_______________________________________________________ 

HIGHLIGHTS 

1. NANOCATALYSTS FOR HYDROGEN 

PRODUCTION AND STORAGE 

Hydrogen is very important as future energy carrier 

whose application areas range from the vehicular 

transport to energy batteries. Pure hydrogen is used as 

clean fuel in proton exchange membrane fuel cell, 

PEMFC. However, on industrial level, H2 is mostly 

produced by steam reforming of natural gas which, 

however, contains carbon contamination (CO2 and 

CO). The presence of carbon monoxide (even at ppm 

level) in the hydrogen gas reduces the performance of 

PEMFC by catalyst poisoning. Therefore, especially 

for mobile application, a fast and clean hydrogen 

supply method is required. 

Chemical hydrides are very attractive materials for 

hydrogen supply to the fuel cells at room temperature. 

Large amount of pure hydrogen gas is released during 

the hydrolysis of chemical hydrides in presence of 

certain catalysts. Alkaline Sodium Borohydride 

(NaBH4) is one of the most preferred hydride because 

of: i) the high hydrogen storage capacity (10.9 wt. %), 

ii) the good chemical stability of its alkaline solutions, 

iii) the optimal control on H2 generation rate by 

supported catalysts, iv) the acceptable reaction rate 

even at low temperature, and v) the reaction product, 

borax, is environmentally clean and can be recycled 

[1]. In fact, NaBH4 can be regenerated by mechano-

chemical reduction of borax with MgH2. Many kinds of 

catalysts, mainly based on precious and high cost 

metals like Pt, Pd, and Ru, are generally used to 

accelerate the hydrolysis reaction of the NaBH4.  

Generally, all the previous catalysts are used in form of 

homogeneous powders for which some problems must 

be solved: (1) the separation of the catalyst from the 

suspension after the reaction is difficult, (2) the 

suspended particles tend to aggregate, especially when 

they are present at high concentrations, (3) the 

particulate suspensions are not easily applicable to 

continuous flow systems. Catalyst in form of cluster-

assembled thin film, which has an extra degree of 

freedom to change the surface morphology and 

structure, can be easily recovered and reused and can 

work as on/off switch for generation of H2. For all 

these reasons, catalysts in form of thin films are used to 

solve the problems regarding the powders. Catalytic 

activity is mainly a surface effect and forming nano-

catalysts is a potential route to increase the surface 

area. Pulsed laser deposition (PLD) has emerged as 

viable method for the production of nanoparticles on 

surface of the thin films also in our laboratory: the 

book “Pulsed Laser Deposition of Thin Films” 

published in 1994, has been cited about 1800 times to 

date.  
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In our recent studies we was able to synthesize, with 

PLD, cobalt boride nanocatalysts for hydrogen 

generation by hydrolysis reaction of NaBH4 [2]. Cluster 

assembled catalyst Co-B thin film gives rise to high H2 

generation rate, comparable to that of precious metals, 

like Pt: this is attributed to the prevailing surface 

morphology effects in cluster -assembled thin films as 

well as to transient electronic states promoted by 

clusters [3]. (Fig. 1,2,3) 

 

 
Fig. n. 1 Films produced by PLD show 5 times higher H2 generation 

rate than powder. 

 

 

 
 

 
Fig. n.  2 AFM images of the cluster-assembled film 

 

 
 

Fig. n. 3 SEM inages of Powders (left) and Cluster (right). 

 

Before concluding this section on nanocatalysts, we 

have to underline the role of these elements in 

promoting the kinetics of hydrogen desorption from 

magnesium hydride. 

Due to the high hydrogen storage capacity of MgH2, ~ 

7.6 wt. %, the low cost and weight, magnesium is an 

important candidate for H2 storage applications. Most 

research efforts are dedicated to the catalysis of the H2 

sorption processes that is too slow even at temperatures 

larger than 500 K because: i) the usual presence of a 

surface oxide Mg layer, ii) the poor ability of the 

oxidized and pure Mg surface to dissociate H2 

molecules, and iii) the formation of a continuous 

MgH2 layer at the Mg surface during hydrogenation 

acting as hydrogen diffusion barrier. The hydrogen 

absorption and desorption kinetic in Mg can be 

significantly improved by microstructural refinements 

as with the nanocrystalline structure of the Mg particles 

because grain boundaries are i) active sites for the 

nucleation processes in the metal to hydride (or 

reverse) phase transition, and ii) preferential diffusion 

paths for H atoms.  

 

We have recently studied the H2 desorption process 

from MgH2 samples where the metallic additive was 

completely included in the MgH2 matrix [4]. 

Microcrystalline Nb doped Mg samples grown by co-

sputtering Nb and Mg targets showed an improved the 

H2 desorption kinetics compared to that of pure Mg: 

the time required for 50 % MgH2 transformation at 623 

K, for example, was reduced from ~ 3200 s to ~ 110. in 

MgH2 samples containing 5 at. % Nb. While in pure 

Mg samples, the H2 desorption kinetics was controlled 

by the nucleation and growth of the h-Mg phase into 

MgH2 with activation energy of 141 kJ/mol, the 

desorption process in Nb-doped samples showed an 

activation energy value of 51 kJ/mol, close to that of 

the H atomic diffusion through transformed h-Mg 

layers. Structural analysis by EXAFS and TEM proved 

that the catalytic activity of Nb doping was connected 

with Nb clustering producing, in the hydrogenated 

material, Nb:H nanoclusters dispersed in the MgH2 

matrix. It was suggested that Nb doping accelerate the 

hydrogen desorption by the presence of extended 

interfaces between MgH2 and additive nanoclusters 

acting as heterogeneous site for h-Mg nucleation and 

fast diffusion channels for H migrating atoms. 
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2. SOLAR CONCENTRATOR 

One of the big challenges in the next years will be on 

project and realization of efficient and low cost 

apparatus to fully exploit renewable energy sources. 

This is mandatory to limit the CO2 emission in the 
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atmosphere with the goal of reducing the greenhouse 

effect. In addition, the need of new energy technologies 

is at present pushed by the increasing costs of fossil 

fuels due to the demand increase as well as by the 

fossil fuels depletion. 

Four years ago the IdEA laboratory promoted a new 

research line to study applications of solar energy in 

concentration. The targets were new apparatus for the 

production of some kW of electrical and thermal 

powers. 

The first addressed step was the design and the 

construction of a parabolic mirror to concentrate solar 

energy by using low cost materials and low cost 

procedures without losses in the optical characteristics 

of the mirror. We developed an original system to 

obtain a solar dish of about five meters in diameter 

with very good concentration and low aberrations. The 

procedure was patented and a prototype was 

constructed and mounted at the Department of Physics 

[1]. 

The patent was acquired by the Solartrento company 

(Marangoni Meccanica, Dolomiti Energia, Consorzio 

Lavoro e Ambiente) in ‘08. Solartrento will produce 

the first engineered solar dish before the end of 2009. 

 The development of new apparatus, to be coupled to 

the solar dish for using the concentrated energy, is 

planned inside a contract between Solartrento and 

IdEA laboratory. About 20 kW thermal power can be 

easily concentrated over 25 cm
2
, with our solar dish.  

Current investigated fields are:  

a) Thermodynamic: 1) Heat exchangers to be used 

with thermodynamic engines; 2) R&D of thin 

films resistant to heat and mechanical stresses 

b) Photovoltaic: 1) multi-junction photovoltaic cells 

with high efficiency (35-40 %); 2) R&D of 

intelligent electronics to obtain the maximum 

power efficiency from photovoltaic cell arrays; 3) 

R&D of multilayer electrical insulating thin films 

having high thermal conductivity. A challenging 

problem is the electrical connection of cells in the 

array. 

In addition, we have to make set-ups to characterize 

and certificate the optical properties of the produced 

mirrors as well as the electrical and thermodynamic 

efficiencies of the final apparatus. 
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Fig. n. 1 Solar concentrator operating at the Department of Physics 

in Povo (Trento) 
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3. ANTIMATTER EXPERIMENT 

GRAVITY INTERFEROMETRY, 

SPECTROSCOPY (AEGIS) 

The CPT invariance, a fundamental property of 

quantum field theory, predicts that particles and 

antiparticles have equal masses and lifetime and equal 

and opposite electric charges and magnetic moments. 

CPT symmetry also implies that the fine structure, 

hyperfine structure, Lamb shift of matter and 

antimatter should be identical. WEP (weak equivalence 

principle), a cornerstone of the General Relativity, 

requires the gravitational acceleration of a falling 

object to be independent of its composition (see for 

example M. H. Holzsheiter and M. Charlton, Rep. 

Prog. Phys. 62, 1-60 (1999). On the other hand one of 

the unsolved questions is about the asymmetry due to 

the absence of large amount of antimatter in the 

Universe. The capability to produce antihydrogen has 

opened the possibility to test the validity of WEP and 

CPT invariance with direct measurements on 

antimatter. 

Basic research activities recently started in cooperation 

with the CERN antiproton decelerator (AD) to set an 

experiment to produce an antihydrogen beam and test 

directly the falling of antihydrogen atoms. The AEGIS 

collaboration involves several international and INFN 

research groups.  

The primary scientific goal of the AEGIS experiment is 

the direct measurement of the Earth’s gravitational 

acceleration “g” on antihydrogen. In the first phase of 

the experiment, a gravity measurement with 1% 

precision will be carried out by sending an 

antihydrogen beam through a classical Moiré 

deflectometer coupled to a position sensitive detector. 

In spite of the modest precision, this result is 

scientifically relevant, as it represents the first direct 

measurement of a gravitational effect on an antimatter 

system. Additional physics results concerning Rydberg 

spectroscopy on Ps and antihydrogen can be obtained 

with the proposed AEGIS apparatus. In future the 

antihydrogen could be trapped to perform atomic 

spectroscopy. 

The AEGIS project [1], after two R&D years, is 

officially started for INFN and funded from January 

2010. CERN has just allocated the experiment and 

started the mechanical design for main magnets and 

cryogenic parts. 

Antihydrogen will be produced in a Rydberg state by 

charge exchange between a cold antiproton and a cold 

positronium atom excited in a Rydberg state (see 

figure). The sensitivity of the Rydberg atoms to electric 

field gradient allows the extraction and the formation 

of an antihydrogen beam [2]. Cooled Positromium [3] 

will be formed by sending bunch of positrons ( 10 ns, 

10
8
 e+, 1 mm spot) on a porous silica based material 

[4] and cooled from 3 eV down to 25 meV by 

scattering with the walls of the pores. Bunch of 
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positron are formed by trapping them in a Surko-trap. 

Ps will be excited by two lasers pulses in the n=25 

Rydberg state. Antiprotons delivered by AD are 

trapped by a Malberg-Penning trap mounted in a 

cryostat at 3 T magnetic field and cooled by electron 

cooling at sub eV energy.  

All the above steps, necessary to produce the 

antihydrogen beam, require different expertise and 

have high degree of novelty. 

Trento Positron group is involved in the design and 

realization of the positron bunched beam (source, 

positron slowing down, positron trap) and in the 

production of the cooled Ps beam. In the R&D years a 

new organized nanostructured material with high Ps 

yield was developed. Cooling of Ps is under testing 

with a new TOF (time of flight) apparatus with the 

sample at low temperature. At present, results are 

showing the feasibility of Ps cooling. 
 

 
 

Fig. n. 1 Layout of the AEGIS experiment.  

 

 
 
Fig.ure 2 Antihydrogen will be produced by charge-exchange 

process between an excited Ps atom and an antiproton. 
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SCIENTIFIC MISSION 
The Molecular Physics Laboratory (MPL) is devoted to 

the investigation of atomic and molecular systems in 

the gas-phase. Besides providing fundamental 

knowledge, these studies contribute to the development 

of new technologies. Relevant applications concern the 

understanding of different environments such as cold 

gases, the interstellar medium, planetary atmospheres, 

plasmas for laboratories and industrial applications, 

gaseous expansion and combustion systems. Finally, 

some of the results from our work may be of interest 

for applied physics, chemistry and electronics. The 

Atomic and Molecular Physics Laboratory already has 

a successful track record of co-operation with industry, 

and continues to endeavour to enhance these 

technological spin-offs. The scientific achievements of 

the Atomic and Molecular Physics Laboratory in the 

last three years can be classified according to the 

following research lines: 

Cold gases and atomic traps 

One of the research lines of the MPL group concerns 

the physics of cold atoms, in particular the 

development of new systems for trapping neutral atoms 

and Bose–Einstein condensates. We have theoretically 

studied the possibility of achieving confinement 

potentials by using different kinds of static forces: 

magnetic, electric and gravitational. Within this 

framework, we have also experimentally realized and 

characterized a combined gravito–magnetic trap. 

Another experimental line regards the measurement 

and control of the magnetic field and its spatial 

parameters (gradient, curvature, etc.) with a sub–mG 

precision and a bandwidth of order 1 kHz. This goal is 

pursued both by using commercially–available 

magnetoresistive devices in combination with 

advanced electronic systems, and by exploiting 

magneto–optical effects, such as the occurrence of 

enhanced absorption Hanle effect resonances in a 

Rubidium gas. On this topic, work on characterization 

and modelling has been recently carried out. 

Extraterrestrial molecules 

Among non-equilibrium systems occurring in nature, 

the interstellar medium and planetary atmospheres are 

currently of topical interest, since the recent 

ESA/NASA Cassini-Huygens mission has boosted 

research on Titan’s atmospheric chemistry. Up to now, 

more than one hundred chemical species have been 

detected in interstellar clouds of various sorts. Several 

of these molecules are produced by ion-neutral 

reactions. Recently, the focus has moved on interstellar 

prebiotic and biotic molecules, because of the 

observation that organic and biologically interesting 

molecules, formed in space and incorporated into dust 

particles and meteorites, can reach the Earth. It has 

been demonstrated that even amino acids can be 

formed under conditions germane to interstellar and 

cometary ices. These results show that space molecules 

may have important implications for the origin of life. 

The strong interest of the scientific community in 

addressing the fascinating question of what are the 

conditions for planet formation and the emergence of 

life is manifested in a host of exciting missions either 

under way or recently funded, such as the TANDEM - 

Titan and Enceladus mission and the LAPLACE - 

Mission to Europa & Jupiter System, both within the 

ESA Cosmic Vision 2015-2025 program. The wealth 

of chemical information gained from these 

observations has stimulated major efforts in laboratory 

experiments aimed at understanding chemical 

reactions, rates and branching of processes occurring in 

extreme extraterrestrial conditions. 
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Fig. n. 1 False-color image of Titan taken during the Cassini mission 

on Oct. 26, 2004.  

(Credits: NASA/JPL/Space Science Institute) 

 

In scattering experiments between ions and neutral 

molecules we measure the yield of product ions and the 

energy dependence of the reactive cross section. From 

these results, it is often possible to specify also the 

nature of the neutral products and the product quantum 

states. Cross sections are measured by combining mass 

spectrometry with radio-frequency ion traps. Ions are 

generated either by electron impact/atmospheric 

pressure ionization sources or via photoionization with 

tuneable VUV photons from synchrotron light sources 

(ELETTRA in Trieste and SOLEIL in Paris).  

Molecular alignment in supersonic expansion 

Some molecular species can be oriented/aligned by 

means of strong electric fields, usually generated by 

intense polarized laser pulses or by multipolar fields. A 

more general phenomenon is the alignment induced by 

collisions in a supersonic gaseous expansion. 

Molecular alignment corresponds here to a 

nonstatistical distribution of the spatial components of 

the rotational angular momentum J. Such components 

are usually defined by the helicity quantum number M, 

which quantifies the projections of J with respect to a 

reference axis (in the present case, the molecular beam 

axis). First evidences of such effect have been obtained 

by polarization measurements in absorption spectra. 

Successively, the dependence of collisional alignment 

on the distribution of molecular velocities inside the 

beam has been demonstrated. The alignment of the 

rotational angular momentum J is a process that may be 

induced by collisions in environments which show 

anisotropic velocity distributions. The supersonic 

expansion of a gaseous mixture is an example, where 

many collisions in the early stage of the process 

produce molecular relaxation and rotational alignment. 

A key role in obtaining rotational alignment is played 

by the anisotropy of the intermolecular interaction 

potential which governs the elastic and inelastic 

collisions between the slow seeded molecules and the 

fast lighter carrier gas. The first experimental detection 

of alignment for polyatomic planar molecules of 

benzene within a He-seeded supersonic expansion 

comes from combined measurements of integral 

collision cross sections as a function of velocity and 

polarized infrared laser absorption, carried out in 

collaborations between the MPL laboratory and the 

department of chemistry at the University of Perugia.  

 

 
 

Fig. n. 1 The IR absorption experiment in the FAM laboratory 

 

The laser absorption experiment estimates the 

anisotropy of rotational angular momentum by 

measuring the spatial anisotropy of the transition dipole 

moment. The opportunity to prepare aligned molecular 

beams has great fundamental and applicative interests. 

From a technological point of view, it brings forward 

good prospects for the production of nanostructured 

and special materials. 

Molecules in non-equilibrium cold plasmas, 

structure and reactivity 

Non-equilibrium plasma technologies are a leading-

edge research area. Just to give an example in energetic 

and environmental science these techniques are 

investigated for the reduction and usage of greenhouse 

gases and for pollutant destructions. In a promising 

alternative to the traditional catalysis, reactions of 

carbon dioxide and methane are plasma catalyzed in 

order to produce liquid fuels or useful chemicals 

(CH4/CO2 reforming). Traditional catalytic techniques 

have deficiencies due to catalyst deactivation and to 

slow response times. With pulsed discharge plasmas 

the reforming process can occur at atmospheric 

pressure and low temperatures, with no need of 

expensive catalysts. The application of pulsed non-

equilibrium discharges is currently explored for the 

upgrade of biomass-derived fuel gas (biogas plasma 

cleaning). The gasification of biomass (wood, vegetal 

material, agricultural waste products) can be more 

interesting than direct combustion, since the biogas can 

be used to power gas turbines or to generate hydrogen 

for fuel cell applications. To these purposes biogas 
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should be cleaned from contaminants, in particular tars, 

i.e. mixtures of heavy hydrocarbons, mainly aromatics, 

which tend to condensate inside the devices leading to 

damages of the mechanical parts and to severe 

operational problems. The numerous electron-molecule 

collisions within the plasma foster the generation of 

highly reactive species that initiate the processes for 

chemical removal of tars. In addition to reforming and 

upgrading of hydrocarbon mixtures for energetic 

applications, the use of non-equilibrium plasmas is also 

tested for the removal of pollutants and toxic 

compounds. 

Gaseous discharges are used in atmospheric pressure 

ion sources of analytical mass spectrometers. These 

types of ion sources can be easily interfaced with 

chromatography instruments, thus permitting a 

combined chromatographic and mass spectrometric 

analysis. Even though such methodology is well 

assessed, the investigation of ionization and 

protonation mechanisms for analytical purposes has 

recently gained increased interest. The aim is to 

optimize the analysis of molecules that are otherwise 

difficult to detect, such as chlorinated pesticides and 

dioxins. The systematic study of reactions involving 

ionic species is essential to increase the sensitivity of 

diagnostic techniques based on chromatography/mass 

spectrometry and to extend their application range to 

compounds for which effective detection methods are 

still lacking. This work is carried out in a joint 

collaboration with G. Guella and I. Mancini of the 

Organic Biochemistry Laboratory. 

 

 
 

Fig. n. 1 Dielectric barrier discharge set-up developed in the MPL 

laboratory 

Photoacoustic spectroscopy with diode lasers 

Multi-gas detection techniques are playing an 

increasingly important role in many fields, ranging 

from agro-industrial activities and environment control 

to energy production and health diagnosis. Broadly 

speaking, multi-gas detection is applied when the 

simultaneous monitoring of several emitted gas-phase 

components is necessary to follow a specific process. 

Laser spectroscopic detection of molecules is 

increasing competitiveness with respect to mass 

spectrometric techniques, mainly because of the 

development of high-performance, reliable and 

affordable laser sources emitting in wavelength ranges 

corresponding to absorption bands of marker 

molecules. The selectivity of this method, which is 

based on spectral resolution, is potentially very high 

and allows the unambiguous and simultaneous 

detection of different species by scanning a small 

frequency range. The main detection technique used in 

our laboratory is resonant photoacoustics that has been 

recently coupled to a tuneable optical amplification 

cavity in order to gain sensitivity despite the low 

intensity typical of diode lasers. Sub p.p.m. sensitivity 

on methane, ammonia and ethylene has been achieved. 

We have specifically focussed our interest on these 

molecules because they play an important role in many 

industrial and biological processes, such as methane 

and hydrogen production from biomass gasification. 

Work is in progress in our laboratory to develop a laser 

system for the detection of other molecular species, 

such as acetylene, ethane, hydrogen sulphide, chloride 

and fluoride that need to be monitored for an efficient 

process control. A portable laser photoacoustic 

apparatus for on field measurements is also under 

development.  

Investigation of the functional role of noise in 

neural activity and neural dynamics  

The measurement of random fluctuations of a physical 

quantity, or, equivalently, of the amount of stochastic 

noise affecting that quantity, makes up a largely 

widespread issue in physics. The occurrence of noise is 

a direct consequence of very basic principles of 

quantum mechanics (theory of measurement and 

indetermination principle) and statistical mechanics 

(fluctuation–dissipation theorem). Although noise is 

often associated with a negative connotation, there are 

mechanisms in which it gets a positive role: stochastic 

resonance, dithering–averaging and, more generally, 

situations in which the evolution of a system is driven 

towards more "favorable" states, thus avoiding getting 

stuck in local minima. 

Noise also plays a relevant role in neuronal systems. 

This occurs in single neurons and neuronal cultures, as 

well as in extremely complex systems, both at sensory 

and cognitive level. 

The main goal of the research carried out in our 

laboratory is the experimental investigation and the 

modeling of positive – and possibly functional – roles 

of noise within neural systems. In the recent past, we 

have studied the phenomenon of stochastic resonance 

in human perception (visual and acoustic modality). In 

addition, experiments are being conducted to 

investigate the dynamical mechanisms underlying the 

criterion setting in decision making. All these research 

activities are carried out in collaboration with Prof. 

Massimo Turatto of the Department of Cognitive and 

Education Sciences of the University of Trento and by 

exploiting the facilities of the local Centro 

Interdipartimentale Mente-Cervello (Center for 

Mind/Brain Sciences, CIMeC), an interdisciplinary 

research center which the Physics Department 

participates in. 

Finally, within this scientific framework, a 

collaboration with the Institute of Biophyisics of CNR 

& FBK in Trento, lead by Dr. Mauro Dalla Serra, is 
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active. A first goal is the measurement and 

characterization of noise in electrophysiological 

processes occurring in lipid membranes. A further goal 

is, again, the investigation of a possible functional role 

of noise, in the prospect of extending the developed 

methods to neuron cultures and more complex neural 

systems. 
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HIGHLIGHTS 

1. COLLISIONALLY ALIGNED MOLECULAR 

BEAMS: A TOOL FOR STEREODYNAMICAL 

STUDIES IN THE GAS PHASE AND AT 

SURFACES 

Collisional molecular alignment is a complex 

phenomenon not fully understood yet. Joint efforts of 

various laboratories using different experimental 

techniques can provide the opportunity to give some 

insights on several basic properties. Together with the 

polarized radiation spectroscopy measurements 

performed in our laboratory, a scattering experiment 

developed in the Chemistry Department of the 

University of Perugia and a surface adsorption 

experiment performed in the Physics Department of the 

University of Genova were analyzed and compared [1]. 

All the experiments dealt with acetylene and ethylene 

molecules that can be considered prototypes of 

unsaturated hydrocarbons: C2H2 is a linear polyatomic 

molecule, while C2H4 is a planar polyatomic 

asymmetric top species. The scattering experiment 

measured the attenuation of a molecular beam as it 

passes through a collision cell filled with a spherical 

target probe. The surface experiment investigated the 

molecular alignment dependence of the ethylene 

sticking coefficient on a silver surface. The observed 

rotational alignment process originates from the 

collisions suffered by each molecule during the 

supersonic expansion. For the comprehension of the 

phenomenon and its accurate modelling single and 

multiple collision dynamics descriptions are required, 

as well as a quantitative evaluation of the anisotropic 

intermolecular forces between seeded molecules and 

carrier atoms. One key point turned out to be the role 

of velocity slip between carrier and seed species. This 

quantity decreases as a function of the distance from 

the nozzle, in view of the fact that molecules accelerate 

by momentum transfer. Initially both elastic and 

inelastic collisions are effective and produce excitation 

and relaxation of molecular rotations; afterwards, in the 

low velocity slip regime, relaxation processes 

dominate. In the final stage of low collision density the 

system “maintains memory” of the previous dynamics 
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eventually exploiting particular propensities 

(stereodynamical effects) of molecular behaviour. For 

example, molecules starting from a near ‘edge-on’ 

configuration in highly rotational levels are accelerated 

and strongly relaxed by elastic and inelastic collisions 

at low impact parameters maintaining, at the end, a low 

helicity state. 
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2. FORMATION OF HYDROCARBON 

MOLECULES IN TITAN’S ATMOSPHERE 

Studies aimed at understanding the composition of 

Titan's atmosphere and the growing mechanisms of 

polyaromatic hydrocarbons are of topical relevance. 

Within the FP6 European Research Programme 

(EuroPlanet Coordination Action 

http://europlanet.cesr.fr/), our laboratory has 

contributed to the study of chemical reactions of 

interest in the field. In particular we have investigated 

the synthesis of diaryl molecules via condensation 

reactions of aromatic compounds, a process that is of 

paramount importance in organic chemistry. In ionized 

media such reactions may occur by electrophilic attach 

of an ion (e.g. the phenyl radical cation C6H5
+
, known 

to be a strong electrophile) on the aromatic system, 

thus paving the way to the formation of an aryl-aryl 

bond [1]. In general the reactions of small hydrocarbon 

cations with preformed, neutral arenes could provide a 

feasible route for the formation of larger cations under 

the conditions of an extraterrestrial atmosphere [2]. A 

possible alternative scenario for the growth of the large 

hydrocarbon molecules detected in Titan’s atmosphere 

involves dicationic species as reactive intermediates. In 

a joint collaboration with researchers from Czech 

Republic and France, we have investigated the 

reactivity of N-containing doubly charged species 

C6H5N
2+

 with methane and we have observed the 

production of C-C coupled products C7H7N
2+

 

concomitant with the liberation of molecular hydrogen 

[3].  
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3. GAS-PHASE SYNTHESIS OF NEW RARE GAS 

COMPOUNDS BY USING DICATIONS AS 

SUPERELECTROPHILIC REAGENTS 

Despite Coulomb repulsion, a large number of small 

doubly charged molecular species can exist in at least 

one long-lived electronic state due to the presence of a 

barrier in the charge-separating pathway. In this case, 

one deals with the special situation of a metastable 

electronic state whose dissociation limit lies lower in 

energy than the potential well minimum. The 

metastable character of molecular dications makes 

them interesting as energy storage devices. Our group 

has proposed the concept of "molecular bomb": once 

the dicationic species is formed, the energy stored at 

the molecular level may be released in a controlled way 

by triggering the Coulomb explosion [1]. One of the 

reasons of interest for molecular dications is to 

understand the competition between charge transfer 

and bond-forming reactive channels. Among the latter, 

particularly relevant are the reactions leading to the 

synthesis of novel rare gas compounds. Since their 

discovery, rare-gas compounds have fascinated 

chemists and physicists because of their relevance for 

understanding the concept of bonding, and for the 

decisive role played in laser and plasma technologies, 

chemical etching etc. The existence of compounds of 

rare gases with organic molecules such as 

hydrocarbons has recently been suggested by 

theoretical calculations. Using doubly ionized 

acetylene as a superelectrophilic reagent, we have 

prepared for the first time the new rare-gas compounds 

HCCAr
2+

 and HCCKr
2+

 in hyperthermal collisions of 

mass-selected C2H2
2+

 with neutral rare gases [2]. In 

addition we have shown that the bimolecular reaction 

of mass-selected CH3Br
2+

/CH2BrH
2+

 dications with the 

heavier noble gases leads to the rare-gas carbene cation 

RgCH2
+
 (with Rg=Ar, Kr, Xe) which represents an 

example of a new kind of organo rare-gas compounds 

[3, 4]. 

 

 
 

Fig. n. 1: Mass spectra showing the production of HCCAr2+ 

dications from the reaction of mass-selected C2H2
2+ dications with Ar 

References 

[1] P. Tosi, R. Correale, W. Lu, S. Falcinelli, D. Bassi 

“Production of the molecular dication ArN2+ in the reaction 

Ar2+ + N2” Physical. Review Letters 82, 450-452 (1999). 



Department of Physics – Scientific report – Highlights 2006-2008 

MOLECULAR PHYSICS LABORATORY 58 

[2] D. Ascenzi, P. Tosi, J. Roithova, C.L. Ricketts, D. Schroder, 

J.F. Lockyear, M.A. Parkesd, S.D. Price “Generation of the 

organo-rare gas dications HCCRg2+ (Rg = Ar and Kr) in the 

reaction of acetylene dications with rare gases” Physical 

Chemistry Chemical Physics 10, 7121–7128 (2008). 

[3] D. Ascenzi, P. Tosi, J. Roithová, D. Schröder “Gas-phase 

synthesis of the rare-gas carbene cation ArCH2
+ using doubly 

ionised bromomethane as a superelectrophilic reagent” 

Chemical Communications 34, 4055-4057 (2008).  

[4] A Titan discovery, Chemical Science 5 (10), C76 (2008). 

www.rsc.org/chemicalscience 

4. MOLECULAR PROCESSES IN GASEOUS 

DISCHARGES AT ATMOSPHERIC PRESSURE 

Our recent interest has focused on plasma-induced 

synthetic processes. This topic appears to be relevant 

from multiple points of view. Since plasma-based 

techniques have been applied to air pollution control 

for the removal of harmful compounds, it is obvious 

that knowledge of plasma by-products is a primary 

requirement. The same is true when plasma systems are 

used for hydrocarbon reforming, for hydrogen 

production out of liquid fuel, or for surface coating and 

deposition of advanced materials. Finally, in API mass 

spectrometry major signals are often observed for 

covalent adducts or oligomers of the molecular ion 

because of addition and polymerization reactions, 

which eventually result in molecular growth. 
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SCIENTIFIC MISSION 

Natural Product Chemistry 

Nature has developed an enormous biodiversity during 

several billion years of evolution. All of the biological 

species coexist in ecosystems and interact with each 

other in several ways where chemistry plays a major 

role – for example, in protection and symbiosis. 

Considering the great number of organisms, and the 

almost infinite number of potential interactions, an 

enormously wide variety of natural products has 

evolved in Nature. In many cases, natural products 

have been demonstrated not only to be involved in 

these environmental interactions (ecological role), but 

also to be embedded with relevant pharmacological 

properties (drug discovery). In fact, their use has been 

the single most successful strategy so far in the 

discovery of novel medicines. Newly discovered 

bioactive products do not usually become drugs per se 

but may enter a chemical transformation program in 

which the bioactivity and pharmaco-dynamic 

properties are modified to suit particular therapeutic 

needs. 

The role and competencies of our research unity  

Since many years, “the natural products chemistry” has 

been our main field of research. Today, the Trento 

research-unity (RU) is well recognized both in national 

and international natural chemistry community for its 

contributions in several aspects of this topic. In 

particular, our RU deserves credits in the isolation and 

structural characterization of many new secondary 

metabolites (more than 50 new molecules have been 

isolated for the first time in Trento) from marine 

sources, some of which also embedded with interesting 

biological activities. The topic still remains the centre 

of our activities but in the last years, besides structural 

and medicinal aspects, attention has been focused on 

different topics wherein the knowledge of the 

molecular details is essential to the understanding of 

the investigated systems.  

Modern chromatographic methods (mainly HPLC, 

High Pressure Liquid Chrom.), spectroscopic (NMR, 

Nuclear Magnetic Resonance (Fig.1) and IR 

techniques) and mass spectrometry techniques, as well 

as synthetic procedures (partial and/or total synthesis of 

natural products and analogues) are currently 

performed in our RU. The aim is to arrive at the 

isolation of new natural products with potential 

biological bioactivities (i.e. anti-tumour, cytotoxic, 

antibacterial, antifungal, antimalarial). 
 

 
Fig. n. 1 The 9.7 Tesla magnet of the NMR instrument present in the 

Laboratory 

 

Micromolar-taxonomy (chemotaxonomy) is able to  

discriminate between microorganisms at the intra-

species level since secondary metabolites have a strong 

phylogenetic significance beside to play an 

evolutionistic-ecological role. Thus, our approach in 

this field would contribute to establish a polyphasic 

database wherein morphological and genetic 

information will be compared with natural products 
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chemodiversity, the latter being a field where our RU 

has always demonstrated wide competencies.  

Future perspectives: environmental chemistry and 

lipidomics 

Recently our research activities have been also 

concerned with the development of new analytical 

methodologies to override problems of great 

environmental importance, such as the use of a general 

metabolic methodology on crude extracts or in the 

whole organism in order to obtain the widest 

information about cell’s lipid composition. In fact, the 

study of cell’s lipid composition has become more 

important with time, as lipids and their metabolism 

have been shown to be of crucial importance for basic 

cell functions such as cell trafficking and signal 

transduction. Cell membranes are complex 

heterogeneous systems whose properties are to a large 

extent determined by their composition and spatial 

organization as well as by external influences, of which 

temperature is one of the most important. A key feature 

of thermal adaptive responses is the alteration in 

membrane lipid composition in order to provide the 

correct fluidity. Such changes in response to 

temperature are more evident in the fatty acyl 

composition of membrane lipids, although there may 

also be alterations to the lipid head-group composition. 

Samples can be examined after solvent extraction, or as 

intact tissues (by solid state NMR), liquids or semi-

solids (high resolution NMR, advanced LC-ESI-MS 

techniques), or dried materials (FT-IR). The recent 

acquisition by the Centre of Integrated Biology 

(CIBIO) of a MALDI-TOF mass spectrometer with 

high resolution capability and post-source 

fragmentation unit allows us to deal with metabolic 

analysis on whole cells. Thus, the access to an 

advanced technological platform and the wide 

competences in natural product chemistry will bring 

our RU to cope with all the chemical aspects of the 

investigated biodiversity. The aim of this approach is to 

obtain the widest possible coverage, in terms of the 

type and number of compounds analyzed. In particular, 

special attention will be focused on the analysis of 

phospholipid/galactolipid composition of micro-

organism membranes. The phospholipids are the main 

constituents of biological membranes of animal-like 

eukaryotes whereas galactolipids play the same role in 

plant-like microorganisms such as autotrophic 

dinoflagellates or diatoms. 
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___________________________________________________ 

HIGHLIGHTS 

1.THE FIRST POLYARSENIC COMPOUNDS 

FROM NATURE 

From the New Caledonian sponge Echinochalina 

bargibanti we have isolated the first polyarsenic 

compound ever found in Nature, named arsenicin A. Its 

adamantane-type structure (Fig. 1) derives from 

deceptively simple NMR spectra and extensive mass 

spectral analysis, but it was only the synthesis of a 

model compound that provided the basis to 

discriminate among other spectrally compatible 

structures. To this end, a comparative ab initio 

calculation of IR spectra for the natural and the 

synthetic compounds was decisive.  
 

 
Fig. n. 1 The 3D structure of Arsenicin A 

 

Arsenicin is endowed with potent bactericidal and 

fungicidal activities on human pathogenic strains. All 

this may revive pharmacological interest in arsenic 

compounds while prompting us to rethink the arsenic 

cycle in nature. Our paper [1] was reported by the 

journal as a very important publication of the issue and 

in 2007 one of us was invited to present these results at 

the European Conference on Marine Natural Products 

[2]. Later, in collaboration with researchers of 

Department of Chemistry of the University of Padova, 

NMR spectra of a series of organoarsenicals including 

arsenicin A were calculated at high level of theory by 

using density functional theory (DFT), obtaining a 

good agreement with the experimental data [3]. These 

results confirm the previously reported structure of 

arsenicin A and open the way for the investigation of 

other minor natural arsenicals isolated by us from the 

same sponge. More recently, we have also reported a 

detailed experimental and theoretical infrared and 

Raman analysis of arsenicin A, demonstrating that 

vibrational spectroscopy can be a very useful tool in 

structure elucidation [4]. 
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2. NEW NATURAL PRODUCTS FROM 

MICROORGANISMS 

Since many years our interest has been strongly 

focused on secondary metabolites from renewable 

sources such as cell culture of marine microorganisms 

(in particular marine ciliates) in collaboration with the 

Department of Biology of the University of Pisa. As a 

matter of fact, by studying such phylum we have 

opened and developed a new vein in the modern 

natural product chemistry [1]. Even recently, we have 

been successful in the isolation and structural 

elucidation of new metabolites from marine ciliates 

(Fig. 1). In particular from morphospecies belonging to 

the genus Euplotes we have recently [2] reported the 

metabolite named hemivannusal, a bicyclic 

sesquiterpenoid with an unprecedented skeleton and 

from genus Pseudokeronopsis a new brominated 

pigment, named keronopsamide A [3]. 

 

 
 

Fig. n. 1 New metabolites isolated from cell cultures of 

microoroganisms  

 

Moreover, we have pointed out interesting biological  

and ecological properties of some metabolites we had 

previously isolated from other ciliates. In particular, we 

have demonstrated that the sesquiterpenoid euplotin C, 

isolated in our RU from the marine ciliate Euplotes 

crassus, is a powerful cytotoxic and pro-apoptotic 

agent in mouse AtT-20 and rat PC12 tumour-derived 

cell lines [4], an outcome that can be exploited for the 

design of cytotoxic new drugs.  
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3. SYNTHETIC METHODS AND MEDICINAL 

CHEMISTRY 

Marine metabolites represent promising potential leads 

in modern drug discovery and their chemical synthesis 

is currently one of the most relevant aspects. With this 

background, synthesis of products showing potent 

antibacterial and antimalarial activities was recently 

discussed by us in two invited reviews [1].  

In addition, a synthetic method was planned in order to 

obtain each of the two isomeric products (showing a 

different position of N atoms in the structure) by a 

multi-component sequence, which was improved by 

the eco-friendly microwave irradiation in substitution 

to conventional heating [2].  

The procedure was applied to the synthesis of a series 

of new molecules selected by a drug design of potential 

anti-tumorals having natural products and clinically- 

used drugs as templates. The compounds synthesized 

in our RU were accepted by National Cancer Institute 

(NCI-USA) for in vitro activity tests [3]. One of the 

molecules has shown a potent and selective inhibition 

against melanoma cells and was selected for in vivo 

assays by National Institute of Health (NIH-USA), 

where is currently investigated.  

With the aim of understanding the mechanism of action 

of these new molecules planned as DNA intercalators, 

the corresponding DNA/ligand systems have been 

recently studied by UV and circular dichroic (CD) 

analysis, supported by molecular docking calculations. 

The results point to a higher interaction of DNA just 

with the molecule showing the most potent antitumoral 

activity. 
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4. Mechanistic investigation of the sodium 

borohydride by 11B-NMR spectroscopy 

A full kinetic analysis of the palladium catalyzed 

hydrolysis of sodium borohydride (NaBH4 ) in alkaline 

media has been performed using 11B-NMR 

spectroscopy in order to gain insight on the 

mechanistic aspects of the process [1]. In fact, 11B-1H 

NMR decoupled spectra (Fig. 1) acquired with Hahn 

spin-echo pulse sequence have been proven here to be 

a vast source of information on the reaction path and 

very useful for a complete kinetic analysis 

substantiated by substrate and solvent isotope effects. 

NMR spectra have been taken continuously during the 

catalytic conversion of the BH4- hydrogen/deuterium 
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Fig. n. 1 11B- NMR proton-decoupled spectra taken at different 

times during the Pd/C catalyzed hydrolysis of NaBH4 

 

mixtures in order to follow the kinetics of the reaction 

by recording all the detected NMR signals as a function 

of time. To the best of our knowledge, such an 

approach has never been attempted, possibly due to the 

common belief that high-resolution NMR 

measurements can be performed only on homogeneous 

samples and in the absence of paramagnetic species. It 

is worthy of note that the opportunity to follow the 

reaction course of any chemical process with NMR 

detection offers great advantages with respect to other 

analytical techniques , since it is possible to have both 

quantitative data and precise structural identification of 

eventual intermediates such as, in our case, the 

partially deuterated borohydride species. Our results 

highlight the followings: (i) BH4-nDn– but not 

HnB(OD)4-n- (n = 1, 2, 3) are the only long-living 

intermediates (at least on the NMR time scale), thus 

indicating that the latter undergo hydrolysis at a faster 

specific rate than BH4- itself; (ii) B-H bond cleavage 

does not contribute to the rate-determining step, since 

no substrate isotope effect can be observed; (iii) since 

solvent isotope effect is present, the rate determining 

step must involve the breaking of the water O-H bond 

both in the hydrolysis and in the exchange route; and 

(iv) since in the BH4-/D2O reacting system we have 

observed that the H/D scrambling is faster than the 

corresponding hydrolytic process, the activation energy 

of the latter must be slightly higher than that involved 

in the exchange process. 

A similar analysis on the same process has been also 

carried out when platinum is used as catalyst [2]. 

Unlike the Pd/catalyzed process, the H/D exchange is 

here slower than hydrolysis and the rate-determining. 

step of the overall process is the formation of the 

BH3OH- intermediate.  
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5. BIOCONTROL AGENTS 

Grapevine downy mildew, caused by the fungus 

Plasmopara viticola, is one of the most destructive 

diseases affecting this crop and its control is based 

almost exclusively on copper. Biocontrol agents could 

be an alternative to chemical pesticides in viticulture, 

with benefits to consumers, growers, and the 

environment.  

Higher plants are commonly colonized by endophytic 

fungi. Endophytes that colonize host tissues before the 

pathogens may produce pathogen-inhibiting 

metabolites. Endophytic microorganisms were isolated 

from wild grapevine leaves showing anomalous P. 

viticola symptoms. The lyophilized broth of the active 

endophytes, identified as Alternaria alternata, was 

analyzed in order to isolate low-molecular-weight 

metabolites.  

Those compounds revealed to belong to the 

diketopiperazine family (DKPs) and their structures 

were elucidated as: 1 = cyclo(L-phenylalanine-trans-4-

hydroxy-L-proline); 2 = cyclo(L-leucine-trans-4-

hydroxy-L-proline); 3 = cyclo(L-alanine-trans-4-

hydroxy-L-proline). [1,2]. 
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Fig. n. 1 Diketopiperazines produced by Alternaria alternata 

 

When applied at different concentrations to both 

grapevine leaf disks and greenhouse plants, a mixture 

of the three diketopiperazines was very efficacious in 

limiting P. viticola sporulation. Our invention has been 

patented and several national and international 

companies applied to grant its exclusive license [3]. 
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SCIENTIFIC MISSION 

Biological and Medical Physics in Trento 

The Biophysics and Biosignals Laboratory of the 

Department of Physics aims to apply techniques and 

ideas from physics to study general principles of living 

systems organization and to develop novel technology 

platforms targeting disease mechanisms for improved 

diagnostics and therapy. 

The Lab was established in 1975. Since then, it 

developed a number of teaching and research 

programmes within the University of Trento as well as 

in collaborative initiatives with the Trento Hospital, the 

Istituto Trentino di Cultura (now Fondazione FBK) and 

the CNR-IBF Istituto di Biofisica. As a result, new 

research and professional groups were established 

within such institutions giving rise to an internationally 

recognized local network active in the field of 

Biological and Medical Physics. 

Current research activities in the Lab are described 

under the following topics: 

• Cardiac Dynamics 

• Bioimaging 

Cardiac Dynamics 

We study the function of the human heart pump as it 

emerges from the collective dynamics of millions of 

strongly interacting cells well organized in their 
geometrical structure and connectivity. In normal 

conditions the efficient pump function results from 

coherent cardiac contractions triggered by electrical 

non linear wave pulses spontaneously generated in the 

heart tissue itself (pacemaker) and characterized by a 

well organized propagation both in space and time. 

Instabilities produced by diseased tissue but also by 

dynamical heterogeneities, may, however, induce 

cardiac arrhythmia and fibrillation, the main cause of 

premature death in the developed world. In such 

conditions the electrical control of the heart passes 

from the pacemaker to dynamically generated, high-

frequency self-excitation of the muscle (reentry, spiral 

or scroll waves). Consequently the coherence of 

contraction is lost and the cardiac pump function is 

impaired. Our research follows a multi-scale approach, 

spanning from the biophysics of individual cells, to cell 

to cell signal transmission in tissue, to the complex 

regulatory systems of whole cardiovascular system, 

and combines theoretical and experimental approaches 

to unravel the dynamical principles governing the 

operation as well as the malfunction of heart.  
The principal ongoing projects are: 

 

• Linear and non-linear modelling of cardiovascular 

control 

Cardiovascular regulation is the result of a number of 

interacting adaptive non linear control processes. In 

order to modelling and disentangling the physiological 

mechanisms of this complex system is not only 

important to detect rhythms and interactions but also to 

identify driver–response relationships. Starting from 

the Nobel Prize C.W.J. Granger definition of causality, 

we asses and quantify directional interactions through 

the measure of causal interdependence of multivariate 

time series by exploiting and refining linear and non 

linear methods to quantify to which extent the 

variability of one series depends on the variability of 

the others. The results have been successfully applied 

to the analysis of both cardiovascular and brain signals 

to foster further physiological comprehension and the 

development of more potent and robust diagnostic 

tools. 
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Fig. n. 1 Example of causal coupling estimation, as squared Direct 

Coherence (blue) and corresponding threshold for significance 

obtained using surrogates data (red). a) Cardiovascular signals: 

respiration (left) and heart period (right) time series b) EEG signals: 

occipital (left), central (middle) and frontal (right) signals (b).  

 

• Atrial arrhythmias mechanisms: identification and 

control. 

The existence of re-entrant and spiral waves has been 

well documented in cardiac tissue during the abnormal 

electrical wave propagation related to certain 

arrhythmias. The stability of these waves depends on a 

number of factors including the properties of the tissue 

and the presence of heterogeneities. Under certain 

conditions, spiral waves can break up leading to 

irregular spatio-temporal patterns that may be 

responsible for cardiac fibrillation. We investigate 

atrial arrhythmias and in particular atrial fibrillation, 

the most commonly observed arrhythmia that can lead 

to reduced ability to undertake physical activity in mild 

cases to serious impairment or death in severe cases.  

This project aggregates an interdisciplinary team to 

help develop an understanding of atrial arrhythmias 

from a perspective of basic science. 

 

 
Fig. n. 2 Minimally-invasive intracardiac electrical recordings. 

Schematics of the X-ray fluoroscopic suite for positioning 

transvenous intracardiac catheters (a). Fluoroscopic image of the 

multielectrode basket catheter composed of 64 electrodes (b). 

Example of intracardiac signals simultaneously collected (c). 

Successive snapshots of simulated excitation maps obtained (d). 

Modified from  Masè M, Faes L, Antolini R et al. (2005). 

Physiol Meas 26: 911-923 

 

The premise is that a biophysical approach combining 

high-resolution multimodal cardiac imaging, thorough 

analysis of electrograms (minimally-invasive 

intracardiac electrical recordings) and accurate 

modelling can be applied to provide fundamental new 

insights into the mechanisms and dynamics of atrial 

fibrillation and to improve risk assessment and 

therapeutic technologies. 

Bioimaging 

We pursue research on image acquisition, processing, 

and analysis of biological systems. In particular, we 

focus on use of novel optical and electron microscopy 

instrumentation combined with computational tools to 

enable dynamic, multi-modal, cell and tissue imaging. 
The main ongoing projects are: 

 

• Non-linear optical microscopy of cells and tissues. 

In the optics laboratory of the biophysics group a state-

of-art multi-modal microscope has been recently set 

up. Besides conventional fluorescence imaging, the 

device allows for 2-photon excitation microscopy 

which outperforms confocal microscopy with respect 

to resolution and penetration depth. Moreover photo-

damage of the sample is reduced to a minimum. This 

makes the technique perfectly suitable for in-vivo 

imaging of biological samples.  

After complete testing and characterization of the 

system, first experiments are focusing on functional 

imaging of the honey bee brain. Questions concerning 

information processing of olfactory signals in the brain 

and lateralization of brain functions will be addressed. 

Up to now, precise optical tomography imaging and 3D 

reconstructions of the brain morphology has been 

performed to identify the brain’s functional units. In 

ongoing experiments calcium-sensitive dyes are used 

to monitor brain activity changes which manifest 

themselves in variations of the calcium ion 

concentration. Thanks to the microscope’s subcellular 

resolution and a line-scan acquisition rate up to kHz, 

this will allow for real time observation of single 

neuron action potentials. 

  

 
 

Fig. n. 1 Schematics of the setup including a femtosecond laser, two 

photon optics, and two channel photomultiplier detectors (left). 

Photo of the microscope workspace (middle). Morphological image 

of the honey bee brain, the acquired volume imaging stack is 

projected along the optical axis (right). 

 

• Microstructures at tissue-biomaterial interface  

The interaction of tissues with biomaterials and 

medical devices deserves a crucial importance in a 

large variety of medical technologies: from implanted 

sensors and prosthesis to drug delivery systems; from 

pacemaker leads to dialysis machines. The tissue-
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biomaterial interface is the location of a number of 

dynamic biochemical processes and reactions with 

physiological consequences that are now recognized to 

be decisive for success or failure of the medical 

procedure. Moreover, the role of interface is even more 

important when dealing with tissue-engineered 

products and the success of many emerging 

biotechnologies depends upon the ability to tune cell 

function for mimicking in-vivo conditions. Patterning 

biomaterial surfaces with topographical and chemical 

features at the micro- and nano-scale provides for 

engineering the tissue-biomaterial interface thus 

allowing the selective control of specific cell response 

in-vivo. The ongoing project addresses this challenging 

issue by characterizing explanted human prostheses 

and perimplantar tissues. The study, in collaboration 

with the Department of Medicine Laboratory at Trento 

Hospital, combines clinical methods (microbiology, 

histology and immunohistochemistry) with advanced 

imaging techniques (SEM, ESEM, AFM, and Confocal 

Optical Microscopy).  

 
Fig. n. 2 Microstructural characterization of failed explanted 

prosthesis imaged by SEM. Hydroxylapatite coating detachment 

(white arrows) from titanium alloy surface (white arrow heads) of a 

femoral shaft: a) en-face view, b) transversal section. c) good 

adhesion of periprosthetic bone (red arrowheads) and cracks 

propagating at the coating-prosthesis interface (black arrowheads). 

d) Detachment of acrylic cement (black arrows) from a tibial 

prosthesis.  

Reproduced from: F. Tessarolo et al. Multidisciplinary Approach for 

In-deep Assessment of Joint Prosthesis Failure”. Conf. Proc. IEEE 

Eng Med Biol Soc. 2009:4254-57. 
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HIGHLIGHTS 

1. MULTIMODAL IMAGE INTEGRATION 

FOR UNDERSTANDING ATRIAL 

FIBRILLATION MECHANISMS AND 

PLANNING THE TREATMENT 

State of the art 

Atrial fibrillation (AF), the most common arrhythmia, 

is frequently disabling and its management remains 

challenging. In the last few years its underlying 

mechanisms have been thoroughly investigated in the 

clinical setting via a range of continually evolving 

techniques of cardiac-excitation mapping. Basically the 

maps are constructed by recording the electrical 

activity from a number of sites within the atrial 

chambers. Electrical recording is accomplished through 

catheters with embedded electrodes threaded, via the 

systemic vascular tree, directly into the cardiac 

chambers. Images of the heart’s electroanatomy and 

electrophysiology (electroanatomical maps) are then 

produced by complementing the recording system with 

techniques that include an endocardial analog of the 

Global Positioning System. We have learned that 

localized anomalous sources of high frequency 

electrical activity (local foci) may act as initiating 

triggers for the AF, while its maintenance is sustained 

by multiple reentrant wavelets. Therefore an effective 

treatment is based on the catheter-delivered radio-

frequency energy (ablation) to eliminate the initiating 

triggers that are significantly clustered within the 

pulmonary veins and further improved by additional 

lesions performed on the atrial body. The precise 

location of the ablation lines is still a matter of debate, 

mostly due to the still incomplete understanding of the 

mechanisms underlying the arrhythmia. 
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Several studies have suggested that the morphology of 

atrial electrograms could provide significant 

indications about the location of critical sites involved 

in AF maintenance. In particular the presence of 

complex fractionated atrial electrograms has been 

correlated to a well defined electrophysiological 

substrate and thus proposed as a marker of additional 

target sites for ablations. To this purpose a number of 

quantitative methods have been devised to characterize 

the complexity/organization of atrial endocardial 

signals [1-4]. Among them, the morphological 

approach proposed in [3], which quantified the 

regularity of single electrograms as the presence of 

activation waveforms with stable morphology (wave-

similarity analysis), has been proved to be the more 

effective in a multiparameter comparison study [4]. 

This approach evidenced the existence of spatio-

temporal patterns during atrial fibrillation, 

characterized by organization levels correlated to the 

different anatomic locations [5] and progressively 

deteriorating with time [6]. 

However the construction of accurate wave-similarity 

maps was limited by the available scarce anatomical 

detail obtained from the electroanatomical mapping 

systems, whereas there is a need for highly-resolved 

anatomical reconstruction to effectively correlate the 

electrophysiological substrate with precise anatomical 

landmarks.  

Our contribution 

A pre-procedural imaging obtained with Multi-detector 

Computed Tomography (MDCT) or Magnetic 

Resonance (RM) tomography may offer the required 

anatomical resolution [7]. We developed specific 

segmentation techniques [8] and we obtain highly-

resolved three-dimensional (3D) anatomical 

reconstructions of the atrial chambers. Furthermore, as 

proposed in a recent study [9], we were able to 

automatically integrate these anatomic reconstructions 

with electrical/functional maps that, complemented 

with a biophysical modelling, significantly improve the 

elucidation of the arrhythmia mechanisms [10]. 

Moreover the clinical feasibility of the image 

integration approach in ablative treatment of AF has 

been documented [11,12]. 
 

 
 

Fig. n. 1 An example of integrated wave-similarity map obtained in a 

patient with permanent AF. The left atrium is shown in the posterior 

view. Wave-similarity values are color coded with dark red 

indicating low similarity and yellow high similarity values. (from 

Ravelli F, et al. IFMBE Proceedings, Vol. 25/IV, Springer, pp 1111 -

1114, 2009) 

 
 

 
 

Fig.ure. 2 Registration and fusion of activation map of left atrial 

flutter occuring after atrial fibrillation ablation showing the 

reentrant pattern around the pulmonary vein ablative line. (from 

Heart Rhythm 5: 163-164, 2008) 

Conclusions 

Even though AF has been formerly described as a 

totally disorganized arrhythmia, in recent year a 

growing number of evidences, based on 

experimental/clinical observations and sophisticated 

signal processing methods, has strongly suggested the 

presence of an underlying order in its activation 

pattern. Our work on tomographic image segmentation 

and multimodal integration of anatomical, electrical 

and functional maps gave a valuable contribution to 

such advancement in the understanding of the 

arrhythmia mechanism by proving the presence of 

patterns of spatio-temporal organization as well as 

anatomical locations and/or periods of highly irregular 

and fragmented activity. The preliminary clinical 

applications to the AF treatment [11,12] and to other 

cardiac chamber diseases [13] encouraged the hope that 

the new insights will be translated into improved 

therapeutic approaches. 
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THE SCHOOL 
The Physics Department organizes and sponsors the 

Doctoral School in Physics. The aim is to provide 

students with the necessary skills for highly qualified 

employments at universities, public and private 

research institutions and industries.  

The Doctoral School is an important and valuable part 

of the Physics Department.  

The Physics Department offers all doctoral students 

facilities such as personal computer, network 

connection, computing resources, use of the library, 

access to several other Department facilities. Each 

doctoral student is assigned to a scientific supervisor 

who is a staff member of the Department or one of the 

partner institutions. 

The scientific activity is stimulated by the numerous 

seminars and conferences regularly sponsored by the 

Department and by the other local research institutions.  

The number of grant-assisted fellowships may be 

increased by funds from Universities and public or 

private research agencies. 

The large majority of doctoral students is granted a 

fellowship  funded by the University or by research 

institutions which collaborate with the Physics 

Department 

Structure of the graduate studies 

The Doctoral School in Physics is designed to train 

students to carry out autonomous, original, and 

rigorous scientific research, required for highly-

qualified activities in a variety of work environments. 

The School offers a European doctoral qualification, 

according to the regulations laid down in the 

Declaration of the Confederation of EU Rectors' 

Conferences.  

The Doctoral School in Physics lasts three years. 

Candidates are admitted to it after passing a 

competitive examination. The doctoral training is based 

on research activities and attendance of advanced 

courses and seminars. 

The courses are expected to be mainly attended during 

the first year aiming to complete the students’ cultural 

background in physics. 

During the first year, all PhD students must select the 

subject of their thesis work among those proposed by 

the Physics Department. A tutor will be assigned to 

each student by the Doctoral School Committee. The 

research programme of the thesis is approved every 

year by the Doctoral School Committee. 

The discussion of the thesis is held in Trento, in front 

of a committee of professors of Trento and of other 

Italian and foreign Universities and Research 

Institutions.  

 

The following local research institutions are partners of 

the Doctoral School, offering teaching and research 

support as well as sponsoring individual fellowships on 

specific research topics:  

 

• MIS- FBK - Material and Microsystem Centre of 

the Fondazione "Bruno Kessler" 

• CeFSA - FBK - Condensed Matter Centre of the 

Fondazione "Bruno Kessler" 

• BEC - Research and Development Center on Bose 

Einstein Condensation  

• ECT* - European Centre fon Theoretical Studies 

in Nuclear Physics and Related Areas  

• INFN  - National Institute of Nuclear Physics  

Teaching activity 

Each PhD student must attend courses corresponding to 

12 credits by choosing advanced courses offered by the 

School. 

Usually the teaching activity ends by the first semester 

of the second year. 

PhD students can submit a personalized study plan to 

the Doctoral School Committee for the approval, 

asking for the attendance of external courses (for 

example, courses of the Master degree in Physics or 

Engineering and courses of other Doctoral Schools).  

For every course, PhD students must pass an 

examination in a form agreed upon with the teacher.  



Department of Physics – Scientific report – Highlights 2006-2008 

DOCTORAL SCHOOL IN PHYSICS 70 

Besides, PhD Students must attend:  

• Seminars organised by his/her own Research 

group  

• Dialogues and Joint Colloquia organized by the 

Department of Physics also on topics different 

from the research activity carried out by the PhD 

students  

• Students are also encouraged to attend Summer 

Schools and Conferences related to the subjects of 

their research activity. 

Awards 

2006 

Marco Cozzini 

• Best PhD thesis award, by the Universty of 

Trento 

2007 

Mauro Antezza 

• Best PhD thesis award, by the Universty of 

Trento 

2008 

Stefano Gandolfi 

• Best PhD thesis award, by the Universty of 

Trento 

• “Premio Nazionale Sergio Fubini”, by Istituto 

Nazionale di Fisica Nucleare for the best PhD 

thesis 

Students 

The number of students presently enrolled in the 

Doctoral School are 7 in the third year, 14 in the 

second year and 13 in the first year. 

Professional career 

Since 1993, the year in which an autonomous Doctoral 

School in Physics was established in Trento, seventy 

doctoral students have been awarded the Doctoral 

degree. 

The employment they have found, yearly monitored by 

the Secretariat of the Doctorate School, is summarized 

in the following graph: 

 

Research 

Institutions: 

32,95%

Academic position: 

38,63%

Private Industries: 

15,90%Public 

Administration: 

12,52%

 

 



Department of Physics – Scientific report – Highlights 2006-2008 

TECHNICAL SUPPORT SERVICES 71

TECHNICAL SUPPORT SERVICES 

TECHNICAL STAFF (2009) 

Coordinator: 

Adriano Gasparoli 

Cryogenic Service: 

Fabrizio Gottardi 

Electronic and Design Service: 

Claudio Salomon  (coordinator) 

Maurizio Cont 

Massimo Gennara 

Sandro Pedrotti 

Luca Penasa 

Luca Pichenstein 

Gabriele Silvestrin 

Mechanics Services: 

Pierino Gennara (coordinator) 

Dario Andreis 

Franco Berti 

Paolo Manfredi 

Giuseppe Pinto 

Michele Tomasi 

Shipping/receiving and Store Service 

Diego Franch 

Permanent collaborators 

Roberto Graziola 

Mariano Talevi 

 

________________________________________________________________________________________________

 

TECHNICAL ACTIVITY 
The Technical Support Services (TSS) of the Physics 

Department offer high level and specialized technical 

assistance to the scientific activities of the Department. 

The Services, in operation for more than thirty years, 

interact with the various research laboratories in the 

Physical Sciences, and they offer support to the other 

structures of the Science Faculty, as well as to other 

Faculties and Interdepartmental Centers of the 

University. In some cases they collaborate also with 

external partnerships, such as private companies 

interested in the available know-how of the Services.  

The main activities of the TSS involve all the 

machinery that is generally considered as  

complementary to scientific research, ranging from 

preliminary analysis of research needs to offering 

solutions related to the implementation, integration and 

logistics of systems inside and outside the research 

laboratories, with special attention to the issues of 

safety.  

The principal mission of the TSS is the development of 

a strong collaboration with the users. This task is 

achieved by starting from a detailed assessment of the 

user’s needs, followed by an analysis and proposal of a 

suitable technical answer to the problem and by the 

implementation and instalment of the required 

instrument/set-up within the users’ laboratory. The 

requested services are usually offered in a “ready-to-

use” form and unlimited technical assistance is 

guaranteed for the lifetime of the instrument. The 

widespread use of advanced technologies, from the 

early stages of the design phase, allows to quickly and 

effectively adapt to the changes in course of action that 

are typical of scientific research activities, and to 

propose innovative solutions in a broad range of 

contexts. 

The proficiency and training of the TSS personnel play 

an important role, and the continuous upgrade of skills 

is a high priority, as it provides the users with a service 

carried out by technologically updated and 

professionally prepared personnel. 

The main activity of the TSS is the design and 

implementation of prototypes that are usually not 

available for purchase in the fields of electrotechnical 

and electronic components, mechanical and vacuum 

systems, information technology and data acquisition 

systems, according to the requirements coming from 

internal and external users. 

The TSS are organized in an agile and autonomous 

structure that guarantees the best optimization of 

timings in the workflow and an easy management of 

priorities to deal with any requirements set by the 

users. 

The TSS are directed by a Coordinator, who supports 

the Director of the Physics Department by providing 

technical assistance and by collaborating on planning 

and budget processes, with the management of 

departmental activities and with the review and 

improvement of the quality of services offered by TSS. 

The activities of the technical services are organized in 

four distinct sections: 

 

1. Cryogenic Service 

2. Electronic and Design Service 

3. Mechanics Services 

4. Shipping/receiving and store Service 
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Collaborations with governmental and public 

organizations 

• CNR/IFN Trento 

• ELETTRA Synchrotron Radiation Facility – 

Trieste 

• ENAIP - Villazzano, Trento 

• E.S.R.F. Syncrotron Radiation Facility - Grenoble 

(F) 

• FBK  Fondazione Bruno Kessler – Trento 

• Istituto Agrario San Michele all'Adige Fondazione 

Edmund Mach – Trento 

• INFN Group at Trento 

• INFN  National Laboratories – Legnaro 

• Museo Tridentino di Scienze Naturali – Trento 

• Provincia Autonoma di Bolzano 

• Provincia Autonoma di Trento 

Collaborations with other structures of the 

University of Trento  

• Faculty of Mathematical, Physical and Natural 

Sciences 

• Didactic laboratories 

• Engineering and Information Science 

• Mathematics 

• Faculty of Engineering 

• Department of Civil and Environmental 

Engineering 

• Department of Materials Engineering and 

Industrial Technologies 

• Department of Mechanical and Structural 

Engineering 

• Faculty of Cognitive Science 

• Department of Cognitive Science and Education 

• Inter-departmental Centres/Labs 

• CEBISM - Research Centre for Bioengineering 

and Motor Sciences 

• CIMeC – Center for Mind/Brain Science 

• CIBIO – Centre for Integrative Biology 

• Biotech – Interdepartmental Center for Biomedical 

Technologies 
_______________________________________________________ 

SECTIONS 

1. CRYOGENIC SERVICE 

The Cryogenic Services Facility of the Department of 

Physics provides cryogens (liquid Helium and 

Nitrogen) to the research laboratories. The Facility 

offers also technical support for the optimization of 

cryogens consumption in laboratory activities, for the 

correct use of the distributed products, the definition of 

operational procedures and personnel training on the 

installed systems. The Facility is provided with two 

plants for helium liquefaction (≥12 l/h) with related 

equipment for helium gas recovery; the storage 

capacity for the liquid phase is 500 litres, while for the 

gas phase is 250 m
3
.  

The plants are able to satisfy the requests coming also 

from users external to the Physics Department and at 

present the Facility is in the process of finalizing a 

supply contract with the CIMeC research center. The 

Facility manages the purchase and distribution of liquid 

nitrogen that is stored in a 6.000 litre cryogenic tank, 

equipped with a withdrawal system to be used by 

research personnel (with a withdrawal rate of about 

60.000litres/year). In addition to cryogens, the Service 

is in charge of supplying cylinders of different types of 

compressed gases and gas mixtures used in the Science 

Faculty.  

 

 
 

Additionally, it manages the logistics, transport and 

operation of the various pressurized storage systems 

(dewars and cylinders) available for laboratory usage, 

in compliance with the effective Safety Rules. The 

Facility collaborates in the design and implementation 

of new compressed gas systems by taking care of the 

logistics and functional aspects. Finally, it presides 

over the correct operation of all the plants and systems, 

and takes care of supplying materials and spare parts 

related to the above mentioned activities. 

Typical products 

- Helium gas liquefaction 

- Expertise in the management of storage systems (both 

compressed gasses and cryogenics) and in compression, 

gasification and distribution methods for cryogens 

- Providing counsel on safety rules in gas handling and storage 

2. ELECTRONIC AND DESIGN SERVICE 

The Electronic and Design Service of the Physics 

Department supports the activity of the research 

laboratories by completing tasks related to electronic 

and mechanical systems design as well as scanning and 

computer aided elaboration of images and graphical 

materials. The Facility takes care of planning, 

manufacturing, and optimization and repair of the 

electric and electronic equipment  used in the research 

and teaching laboratories. Some of this equipment 

requires special features not available in commercial 

instruments and therefore are built as prototypes. The 

Facility provides technical support and counselling 

during the operative phases of  development of a new 

scientific apparatus, from the design to the 

manufacturing, installation and usage phases. This task 

is performed by working in close contact with research 

scientists and establishing a daily feedback process.  
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The Service carries out market analysis and technical-

economical appraisals on the best instruments and 

technologies to employ in a specific project. The 

successful process of instrument design and 

implementation requires competences in various fields 

such as electronics, electrotechnics, information 

technology for process automation, data acquisition 

and CAD applications, vacuum and cryogenic 

technologies. 

The Service is equipped with advanced and up-to-date 

instruments for the development, testing, calibration 

and validation of electric safety in circuits and electric 

devices. The use of an advanced CAD system 

integrated with a modern milling machine to make 

electronic circuits provides a quick and precise tool for 

the development and realization of prototype circuit 

boards. A small mechanical workshop inside the 

Electronic Service is used to carry out all the necessary 

machine operations required for the assembly of 

prototypes. 

The widespread use of micro-controlled systems allows 

to satisfy user needs related to the development of 

automation in scientific apparatuses of increased 

complexity. Such control technologies guarantee also 

an easy and rapid system modification, that are typical 

of experimental research activities. Another duty of the 

Facility is the design and development of software 

systems for instrument control and data acquisition.  

 

 
 

In the field of mechanical development, the Service 

provides its competence in the design of prototypes of 

instruments to be used in research or teaching 

activities, with special reference to high and ultra-high 

vacuum chambers and low temperature equipments. 

The drawing of technical plans for the realization of 

such prototypes is carried out using the CAD 3D 

design programs. 

In the field of graphics, the Service is equipped with 

scanning facilities and hardware and software systems 

for the elaboration of images, graphics, slides, 

transparencies and high resolution photographic films. 

It carries out formatting and printing of large size (A0) 

posters with photographic quality.  

 

 
 

The Electronic and Design Facility offers its services 

also to external users, by providing its expertise and 

instrumentation to public and private companies in the 

field of support and technical advising, design and 

prototype development. 

Typical products 

- Custom power supplies for high voltage and/or high current 

applications 

- Graphical processing and printing 

- Electronics for high frequencies 

- Exhibits related to the Communication of Physical Sciences 

- Mechanical design of custom scientific instruments and 

components  

- Repair and calibration of electronic instruments   

- Embedded control systems based on microprocessors 

- Moving and transport systems 

- Systems for conditioning, acquisition and handling of electric 

signals  

- Support and technical advising  

- Software development for the automation of scientific 

instruments 

Most significant activities 

- “Monitoring system of the Adige embankment”, Provincia 

Autonoma di Bolzano; 

- “Sun Tracker control” for a solar concentrator, IDeA 

Laboratory – Department of Physics; 

- “Convergence measurements”  in the train galleries of the 

Merano-Malles trainline, DIMS – Geotechnical Laboratory – 

Faculty of Engineering, UNITN; 

- “Automated systems for sensor positioning and data acquisition 

on hydrodynamic pipelines for the study hydraulic 

phenomena”, DICA – Hydraulics Laboratory - Faculty of 

Engineering UNITN; 

- “RF system for ionic guides and traps”: development of the RF 

electronics of an ion trap for the Ulisse experiment at the 

Fermi@Elettra Facility, Trieste; 

- “EXAFS control system” at the GILDA beamline at the ESRF 

Synchrotron Radiation Facility -Grenoble (F); 

- “Exhibits for the Communication of Sciences to the general 

public” by the Trento Museum of Natural Science, within the 

exhibitions: “Spaziale! Astronomia in Mostra” – “Prova a 

Volare!” – “Giochi di Einstein” - “Destinazione stelle”; 

- “Conditioning and signal transmission for load tests on rock fall 

protection nets”, DIMS - Laboratory of Materials and Testing - 

Faculty of Engineering UNITN; 

- “Automatic control of a set-up for the coating of stainless steel 

balls with lubricating films” - IDeA Laboratory – Department 

of Physics and IAE Spa. 



Department of Physics – Scientific report – Highlights 2006-2008 

TECHNICAL SUPPORT SERVICES 74 

3. MECHANICS SERVICES 

The Mechanical Service Facility provides technical 

assistance to the research laboratories of the 

Department of Physics. It has a thirty-year long 

experience in the development of equipment and 

systems for scientific and technological research. It 

realizes and optimizes innovative systems and 

prototypes of high technological standards. It also 

develops advanced structures to provide services 

characterized by high technical-scientific performance. 

To this goal, the Mechanical Service collaborates with 

research institutes and industries which are active in 

the fields of interest from the mechanical sectors, and 

in particular of those specifically dealing with 

advanced materials, as well as with optical, electronics 

and aerospace components.The Mechanical Service 

promotes training activities aiming to increase the in-

loco know how in this sector, in order to continuously 

improve the performance of the Service and prepare to 

face the forthcoming challenges. 

 

 
 

The Mechanical  Service Facility is equipped with a set 

of machines, mostly of the traditional type, which 

allow realization of a wide range of assemblies, even 

including special materials such as ceramics, tungsten, 

molybdenum, arcap, nickel and special aluminum 

alloys or inox steels, and plastic materials such as 

PTFA, ERTALON, policarbon, PVC, nylon 

polymethylmethacrylate. 

The specialists working in the Mechanical Service 

offer technical assistance and advising to investigators 

and students, as well as external users. The laboratory 

can usually meet most of the user needs, as far as the 

design and realization of pieces of equipment is 

concerned. 

 

 
 

The work management of this Service is structured in 

order to maximize the flexibility and the independence 

in the realization of the different products. This is an 

essential aspect, since most of the components 

produced for the experimental setups have to be 

realized in a single copy. In addition, independence and 

flexibility in the operation allow efficient production 

and testing of new pieces which were not planned in 

advance. This is often necessary in the testing and 

design phase of new experimental equipments and 

prototypes. Such an activity has a significantly impact 

in reducing waiting times and contributes to increase 

the productivity of the different research laboratories. 

Typical products 

- Ionization chambers for particle beams 

- Cryogenic systems and tools 

- Exhibits for Physics education and Science Communication  

- Precision manufacturing, with special materials 

- Robotic micrometric movements in vacuum 

- Driving and positioning of complex systems 

- Mechanical design of experimental setups 

- Quadrupoles, electron guns, and magnetic deflectors 

- Repair and calibration of mechanical facilities 

- Geotechnical instrumentation 

- TIG Technology: special welding, also with niobium 

- Ultra high vacuum chambers and facilities 

Most significant activities 

- “Exhibits for the Communication of Sciences to the general 

public” by the Trento Museum of Natural Science, within the  

exhibitions: “Spaziale! Astronomia in Mostra” – “Prova a 

Volare!” – “Giochi di Einstein” - “Destinazione Stelle” ; 

- “Polariscopy for photoelasticity measurements”, DIMS – 

Geotechnical Laboratory, Faculty of Engineering UNITN; 

- “Electron gun for positrons physics”, Università la Sapienza – 

Roma; 

- “Tunable support, with linear and angular mobility for 

parabolic mirrors”,  IDeA Laboratory – Department of Physics;  

- “Chemical reactor for immobilization of micro-organism in 

alginate microspheres” DIMTI – Chemistry Laboratory, 

Faculty of  Engineering; 

- “Infiltration column for measurement of ground pressure”, 

DIMS – Geotechnical Laboratory- Faculty of Engineering; 

- “Tunable support for mass tests”, LISA project, Low-

Temperature Laboratory - Department of Physics; 

- “Photo-acoustic cells for detection of trace gases”, FAM 

Laboratory, Department of Physics and CNR-IFN;   
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- “Mixer for deposition of micro-organisms by the Biosil 

technique”, DIMTI – Chemistry Laboratory – Faculty of 

Engineering;  

- “UHV Linear translator  for micro-balance”, CNR-IFN, Trento; 

- “Vacuum Heat transmitter for solar energy concentrator”, IDeA 

Laboratory – Department of Physics; 

- “Assembling system for 4-mass pendulum”, LISA project, 

Low-Temperature Laboratory – Department of Physics 

4. SHIPPING/RECEIVING AND STORE 

SERVICE 

The Warehouse Service of the Department of Physics 

performs the following types of logistic support: 

 

• Administration of the storage and stocking of 

materials 

• Purchasing for the different structures within the 

Faculty of Science 

• Shipping, receiving and delivering.  

 

The warehouse material consists mainly of the 

following items: stationery and information materials 

electric and electronic materials, iron and alloy 

products, nuts/ bolts/hardware store materia, 

components for vacuum systems and individual 

protection devices. In collaboration with the other 

Facilities of the Technical Support Services, the 

Shipping/receiving and Store service selects and takes 

care of the supply and management of storage 

materials required by all the structures of the Science 

Pole and by other external users interested in this 

service. 

 

 
 

The introduction of the bar-code system and of 

software tools for management developed within the 

Physics Department allowed the automatic 

identification of the materials available in stock, 

assuring fast operation and optimal control of the 

resources. 

The availability of the material selected by this Service 

is essential for the research laboratories, since it 

reduces the time and cost for tracing the requested 

material. 

The Store Service receives all the shipping and priority 

mails and takes care of their delivery within the 

Department. It deals with the shipping of items ranging 

from simple documents to complex instrumentation 

used in collaborations with other Universities of private 

structures. In collaboration with the Administrative 

Office it traces the purchases, keeping records and 

performing inventory. 
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