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The Condensed Matter (CM) Physics group at the Physics Department of 
Sapienza, Università di Roma is composed by about 40 scientists with 
permanent positions (assistant, associate and full professors) and several 
affiliated researchers (mostly from CNR) who actively investigate different 
properties of hard matter, nano-structures, soft and bio matter, photonics 
and quantum technologies, or even create new frontiers of physics exporting 
ideas developed in and for CM physics to other (even very far) fields.
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https://www.phys.uniroma1.it/fisica/didattica/orientamento/libretto-gli-studenti
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Important dealines 

Period of presentation of TRAINING PROGRAMMES AA. 2021/22:

First period: 18/10/2021-10/12/2021 (freshmen i.e. 1° year 
students & 2° year students to modify the training programme) 

Second period: 01/02/2022 - 21/02/2022 (only for freshmen)

Information and syllabus for courses:
https://corsidilaurea.uniroma1.it/it/corso/2021/30055/cds

Custom tailoring your programme



Standard: 

Mandatory (6) and eligible courses (6) chosen within the groups: 

A(1), B(2) , C(1), free choice (2)
Notice: 2 non-FIS courses are required!

Customized:

Mandatory courses are always mandatory but eligible courses can be chosen

more freely. The individual plan must be motivated and possibly discussed

with the responsible of the curriculum.

5 curricula recommended: 

• Complexity Science 

• Disordered systems: liquid, glassy and soft matter

• Photonics and Quantum Technologies 

• Superconductivity, Strongly Correlated Systems, 

and Functional Materials

• Surface Physics and Nanostructures

Curriculum 
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Complexity Science



Disordered systems: liquid, glassy and soft matter



Photonics and Quantum Technologies 



Superconductivity, Strongly Correlated System, 

and Functional Materials



Surface Physics and Nanostructures



Superconductivity & 

strongly correlated 

systems.

Teaching closely related 

to the research activity 

carried out in the Dept. 

Nanostructured & low 

dimensional systems

Quantum information, non 

linear optics

Liquids & 

disordered systems 

Statistical Mechanics

Materials and methods for 

cultural heritage …



Research activities and methods 

in condensed matter 

In house laboratory

(Spectroscopy: optical, 

electron, linear, non-

linear, time resolved…) Computational and ab-

initio methods.

Large scale facilities: 

Synchrotron and Neutron

sources 



What hard condensed matter theorists do?

What is the electronic structure of the different solid-state materials?

Can electronic states be `topologically non trivial’?

What are the resulting physical properties? Insulator, metal, 

superconductor,…

How electrons and other degrees of freedom (e.g. ions) interact?

For instance new techniques can be invented to 

treat the anharmonic effects in solids and 

investigate the stability of high-temperature 

superconductors under very high pressure



Quantum Materials Modelling

Research Goal = theory & design of complex solids, use & development of theoretical-

computational methods based on quantum mechanics.

Keywords = Superconductors; Transparent conductors; Magnetic Materials; Ab-initio crystal structure 

prediction; Machine Learning; DFT; QMC; Pseudopots.

Transparent conductors

Structure prediction

High-Tc superconductors
High-Pressure

Physics

Machine learning



Some materials change a lot their properties by varying some 

parameter (e.g. electron density) and have strange properties. 

Why?  Which ingredients are important and should be kept in 

a model?

Competing phases are very interesting and new features can 

emerge… 

One of the aspects of complexity…
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How electrons oscillate 

collectively in a superconductor?

Analogies with high-energy 

stuff….

(Higgs, Goldstone and so on…)

Modelling superconductivity and its enemies (disorder, cdw, …)





Condensed Matter Theory spin offs:

The physics of `a lot of things’!

Estimate the rate at which 

new events occur: How 

networks grow? How new 

genes appear in a 

population?...

Gene expression is a 

complex process 

that should be regulated 

via networks 

of molecules (proteins or 

RNAs) that 

interact with each other

N ew scenar ios for urban syst ems

The int rinsic complexity of the emerging challenges

that human beings collect ively face, requires a deep com-

prehension of the underlying phenomena in order to plan

e↵ect ive strategies and sustainable solut ions: from the

planning of urban infrast ructures to rethinking cit iesand

their interact ions, from containment strategies for pan-

demics to the impact of polit ical campaigns, to measures

against informat ion pollut ion and misinformat ion. In all

these cases, decision-making processes have to be sup-

ported with meaningful representat ions of the present

situat ions along with accurate simulat ion engines to gen-

erate and evaluate future scenarios. Inst rumental to all

this is the possibility to gather and analyze vast amounts

of relevant data and visualize them in a meaningful way.

Understanding the present through data is often not

enough, and the impact of specific decisions and solu-

t ions can be correct ly assessed only when projected into

the future. This implies the need of developing suitable

modeling schemes allowing for a realist ic forecast of how

a change in the current condit ions will a↵ect and mod-

ify the future scenario (” what if” games). In this area,

our Department has a t ight collaborat ion with the Sony

Computer Science Lab in Paris (ht tps:/ / csl.sony.fr/ ).

M obi l i t y and accessibi l i t y dynamics The com-

prehension of vehicular t raffic in urban environments is

crucial to achieving proper management of the complex

processes arising from people collect ive mot ion. Even

allowing for the high complexity of human beings, hu-

man behavior turns out to be subject to strong con-

st raints - physical, environmental, social, economic -

that induce the emergence of common pat terns. The

observat ion and understanding of those pat terns is key

to setup e↵ect ive st rategies to opt imize the quality of

life in cit ies while not frust rat ing the natural need for

mobility. In our act ivity, we focus on mobility, both

vehicular and public t ransportat ion in an urban con-

text , but also air and t rains t ransportat ion systems,

to reveal the underlying pat terns and human st rate-

gies determining them. In this framework, we re-

cent ly developed a web-based plat form, Citychrone+ +

(ht tp:/ / what if.cslparis.com/ citychrone.html), that al-

lows to visualize isochrones in many major cit ies based

on public t ransportat ion data and draw accessibility

mapsof di↵erent port ionsor specific featuresof thetown.

The possibility for seamless integrat ion of any open data

(census, social, medical, financial, etc.) makes the sys-

tem suitable to reveal underlying pat terns in social dy-

namics. Thiskind of tools turnsout to havethepotent ial

to become powerful inst ruments for learning at all lev-

els, planning, and simulat ion of scenarios and decision

making.

T he fut ur e of Elect r ic M obi l i t y The t ransit ion to-

wards private electric mobility has been already started

Figure 1: Maps of the veloci ty score in km/ h for six di↵erent

cit ies: Paris, New York, Madrid, Mont real, Sidney, Boston.

The great variability of the colors reveals a st rong dissimilar-

ity of performances of the public t ransports across cit ies.

across the world, pushed forward by the need of indepen-

dence from fossil fuels and of preserving proper levels of

air quality in urban centers. In this context , it is nec-

essary to provide inst ruments to foresee the e↵ects that

a massive int roduct ion of elect ric vehicles might have

on urban environments in terms of the amount of elec-

t ricity and infrast ructures needed to their funct ioning.

The plat form E-Mobility (ht tp:/ / what if.cslparis.com/ e-

mobility.html) exploits a data-driven approach combin-

ing di↵erent data sources: demographics data, GPS data

about cars t raveling within an area, environmental data

(e.g., solar radiat ion to provide solar energy to recharge

stat ion) and so on. The plat form not only allows to

visualize the present , through the available data but ,

crucially, allows for the const ruct ion of suitable scenario

simulat ion models to project the system into the future

and assess the sustainability of di↵erent solut ions.

M odel ing ur ban syst ems A lot is known about

scaling-laws in cit ies. While the ident ificat ion of the

mechanisms behind the emergence of scaling laws is im-

portant to understand the evolut ion of cit ies, the cur-

rent research lacks studies aimed at understanding how

di↵erent indicators interact among them. Our research

is aimed at filling this gap and developing models that

reproduce the dynamics of cit ies and the interrelat ion

between their socio-economic indicators. We adopt a

panoply of tools ranging from Complexity Science to

Maximum Entropy (ME) inference principle.

R efer ences

1. P. Mast roianni et al., PLoS ONE 10(12) e0143799

(2015).

2. I. Biazzo et al., in press in Journal of The Royal Society

Interface, (2019).

3. M. Ferrara et al., 6th Int . Conf. on Models and Technolo-

gies for Intelligent Transportat ion Systems (MT-ITS) (2019).

A ut hor s

V. Loreto, F. Tria, M. Ibanez Berganza, B. Campanelli, B.

MonechiX , I . BiazzoX

http://www.socialdynamics.it/
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Growth of complex structures,….
Planning of urban infrastructures, 

containment strategies for 

pandemics, impact of political 

campaigns, measures against 

information pollution and 

misinformation. 

Economic Complexit y

Economic Complexity is a radically new met hodol-

ogy based on a bot tom up, data driven approach, de-

scribing economics as an evolut ionary process of ecosys-

tems. The approach is mul t idiscipl inar y , addressing

emerging phenomena in economics from di↵erent points

of view: analysis of complex systems, scient ific meth-

ods for systems and the recent developments in B ig

D at a. This approach o↵ers new opportunit ies and a

new paradigm to const ruct ively describe technological

ecosystems, analyse their st ructures, understand their

internal dynamics, as well as to int roduce new metrics.

In the following we will briefly illust rate the main scien-

t ific achievements we obtained using the Economic Com-

plexity approach. It led to collaborat ions with, among

others, the W or ld B ank, which adopted this method-

ology for the study of more than 70 count ries.

• A new met r ics for t he fi t ness of count r ies

and t he complex it y of pr oduct s. We developed a

new metrics which is able to give quant itat ive assess-

mentsof both countries’ compet it ivenessand potent ial of

growth, through the concept of F it ness, and products’

sophist icat ion and technological content , through the

concept of Complex i t y . These two quant it iesarecalcu-

lated using a methodology completely di↵erent from the

standard economic approach, which takes into account

a large number of subject ively weighted macroeconomic

indicators. On the cont rary, the Economic Complexity

approach is data-driven and gives results using zer o pa-

r amet er s, results which can be scient ifically tested.

• Select ive Pr edict abi l i t y Scheme. The cou-

pling of these non monetary measures with standard

monetary quant it ies such as the GDP allows a radically

new approach to macroeconomic for ecast ing [1]. Mak-

ing use of concepts borrowed from dynamical systems

we have built a novel perspect ive in which the ability

to forecast depends on the locat ion of count ries in the

Fi t ness-GD P plane. This evidence naturally leads to

the so called Select ive Predictability Scheme, a frame-

work which uses the dynamical evolut ion of suitable ana-

logues to predict the future movements of count ries. Ac-

cording to a recent report by Bloomberg, this methodol-

ogy systemat ically outperforms standard methods [i.e.,

IMF], despite requiring much less data.

• Quant i t at ive descr ipt ion of Economic Tr aps.

The int roduct ion of the Fitness as a new dimension

quant ifying the complexity of the indust rial st ructure

of countries gives a di↵erent insight about their indus-

t rializat ion process [2]: a high Fitness brings down the

barrier to escape from the pover t y t r ap. This fosters

the fast growth which is the typical sign of the economic

t ransit ion towards the developed count ries.

• T he Pr oduct Pr ogr ession. The Product Pro-

gression Network (PPN) is a directed network showing

the nat ural evolut ion of count ries from a product to

the other [3]. Indeed, the PPN allows for a synthet ic

representat ion of the main indust rial sectors of a coun-

try and theavailableand advisableproducts it can reach,

containing informat ion about the t ime evolut ion during

indust rialisat ion. In parallel, we have developed a M a-

chine L ear ning (ML) technique to forecast the indus-

trial sectors in which a country will become compet it ive

in the following years [4]. The recommendat ions based

on the PPN and the ML predict ions can be a useful tool

for both investors and policy makers.

• T he innovat ion syst em of count r ies The space

in which scient ific, technological, and economic develop-

ments interplay with each other can be mathemat ically

shaped using pioneering mult i layer network techniques.

We build the network of these human act ivit ies (scien-

t ific, patent ing, and indust rial product ion) and study

their interact ions [5]. Wecan measure the t imeneeded to

transform, for instance, the technological know-how into

economic wealth and scient ific innovat ion, being able to

make predict ions with a very long t ime horizon. We find

empirical evidence that , at the aggregate scale, t ech-

nology is the best predictor for industrial and scient ific

product ion over the next decades.

R efer ences
1. A. Tacchella et al., Nature Physics 14, 861865 (2018).
2. E. Pugliese et al., PLOS ONE 12(1): e0168540 (2017).
3. A. Zaccaria et al., World Bank Working Paper (2018).
4. A. Tacchella et al., forthcoming.
5. E. Pugliese et al., forthcoming.

A ut hor s
L. Piet ronero, M. Cader, G. Cimini, A. Gabrielli, D. Mazzilli,
A. Napoletano, L. Napolitano, A. Pet ri, E. Pugliese, K .
Roster, A. Sbardella, A. Tacchella, A. Zaccaria
• www.lucianopietronero.it

• www.economic-fitness.com

• www.bloomberg.com/opinion/articles/2017-10-01/a-

better-way-to-make-economic-forecasts
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quantitative assessments of 

countries’ competitiveness and 

potential of growth, through the 

concept of Fitness, and 

products’ sophistication and 

technological content, 



Superconductivity & strongly correlated materials

Condensed matter under 

extreme conditions 

(very high P, very high/low T)

Nanostructures and low-dimensional systems 

Semiconductor nanowires, 

Metallic nanostructure

1 um 200 nm

Fermi surface of the 

Bi2212 superconductor

Transition metal 

dichalcogenides

(TMDs)

Self assembled nanoparticles



Single-photon emitters based on 2D materials

QD to be used  as entangled-light sources



Quantum information, non-linear optics

Qu-bits, quantum photonics

…

Optical technologies for 

quantum information. 

Non-linear optics, super-resolution



Liquids & disordered systems

Sound velocity in liquids under extreme 

pressures / colloidal particle

Coherent excitation in disordered systems,  

femto-second spectroscopy

Colloids, interfaces 



Structured matter at the microscale

Diagnostic for cultural heritage

Materials and methods for cultural heritage

Active matter, …

…

Optical trapping

Light driven 

Micromotors 



new Amaldi Research Center laboratory 

@Dipartimento di Fisica

a unique spatially-resolved micro-photoemission and 

micro-Raman/photo-luminescence facility, with growth of 

2D materials, all in vacuum… operative from ~July 2021 



Synchrotron Radiation Laboratories 

ELETTRA 

(Trieste, Italy)

+

Fermi  FEL (Free Electron Laser)



ESRF

Grenoble (France)

Synchrotron Radiation Laboratories 



ALBA

Barcelona (Spain)

Synchrotron Radiation Laboratories 



DIAMOND

Oxforshire (United Kindom) 

Synchrotron Radiation Laboratories 



SOLEIL

Paris (France)

Synchrotron Radiation Laboratories 


