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Programma 
 

VVenerdì 11 

15:00-15:30  Fabio Benatti Complete positivity and the second law 

15:35-16:05  Paolo Aniello 
Phase Space Approach to Open Quantum 
Systems 

16:10-16:40  Coffee break  

16:45-17:15  Giuliano Benenti Exotic states in the dynamical Casimir effect 

17:20-17:50 Leonardo Ferro Quantumness and classicality 

17:55-18:25  Giuseppe Bimonte 
The Casimir effect: present status, theoretical 
puzzles and future perspectives 

 
 

Sabato  12  

09:00-09:30 Giuseppe Florio 
Entanglement Spectrum of Large Quantum 
Systems: von Neumann entropy and Phase 
Transitions 

09:35-10:05 Federico Carollo 
Fluctuations algebra and mesoscopic 
entanglement 

10:10-10:40 Marco Cianciaruso 
A unifying approach to the quantification of 
quantum and classical correlations 

10:45-11:15 Coffee break  

11:20-12:50 Francesco Pepe 
Interference in a two-mode Bose system with N 
particles is typical 

11:55-12:25 Cosimo Lovecchio Control of Quantum Dynamics on an Atom-Chip 

12:30-13:00 Piero Silvi 
Simulation of lattice gauge field theories with 
Tensor Networks 

13:00-15:00  Lunch break  

15:00-15:30 Stefano Mancini Preserving information in an evolutionary Universe 

15:35-16:05 Sara Di Martino Entanglement: Monogamous or not? 

16:10-16:40  Coffee break  

16:45-17:15 Elisa Ercolessi 
Quantum Simulations of Effective Field Theories 
with Strongly Correlated Systems on a Lattice 

 
 



 

 
 

DDomenica  113  

09:00- 9:30 Ennio Gozzi Superposition principle and classical mechanics  

09:35-10:05 Vincenzo Tamma 
Multiphoton Correlation Functions and 
Permanents 

10:10-10:40 Svetlana Ratynskaia Fluctuations in plasmas 

10:45-11:15 CCoffee break   

11:20-11:50 Luca Lusanna 
Implications of Lorentz signature for relativistic 
quantum mechanics 

11:55-12:25 Fabio Scardigli 
Gravitational test of the Generalized uncertainty 
principle 

12:30-13:00 Samuele Spilla 
Measurement and dephasing of a flux qubit due 
to heat currents 

13:00-15:00  Lunch break  

 
 

Lunedì  14  

09:30-10:10  Brynmor Haskell 
Nuclear equation of state from observations of 
short gamma-ray burst remnants 

10:10-10:50  
Mariafelicia De 
Laurentis 

Probing GRBs progenitor mass by GWs 

10:50-11:30 Andrea Maselli 
Low latency search for Gravitational Waves from 
BH-NS binaries in coincidence with Short Gamma-
Ray Bursts 

11:30-11:50 Coffee break  

11:50-12:30 Marica Branchesi 
Gravitational wave and electromagnetic multi-
messenger astronomy 

12:30-13:10 Stefania Marassi 
Stochastic backgrounds of Gravitational Waves 
from extragalactic sources 

13:10-14.40 Lunch break  

14:40-15:20  Omar Benhar Neutrino Interactions in Neutron-Star Matter 

15:20-16:00 Riccardo Ciolfi 
Gravitational Wave Emission from Magnetized 
Neutron Stars 

16:00-16:20 Coffee break  

16:20-17:00 Francesco Pannarale 
From Neutron Star Structure to Compact Binary 
Mergers and Back 

17:00-17:40 Leonardo Gualtieri 
On the gravitational signal from tidally deformed 
neutron stars in coalescing binaries 

 
 
 
 
 



 

 

 

MMartedì115  

09:30-10:10 Alfredo Iorio 
Lobachevsky Geometry and Graphene 
Spacetimes 

10:10-10:50 Patrizia Vitale 
Noncommutative Gauge Theories as Matrix 
Models 

10:50-11:20  CCoffee break   

11:20-12:00 Giancarlo Jug 
Inhomogeneous Structures: A Lesson from 
Condensed Matter 

12:00-12:40 Francesca Arici 
Gysin Sequences for Noncommutative Spaces 
and their Applications 

12:40-14:30  LLunch break   

14:30-15:10 Daniel Siemssen 
Global Existence of Solutions of the Semiclassical 
Einstein Equation on Cosmological Spacetimes 

15:10-15:50 Ninfa Radicella 
Constraints on Covariant Horava-Lifshitz Gravity 
from frame-dragging experiments 

15:50-16:20  CCoffee break   

16:20-17:00 Marco Benini 
Optimal Space of Observables for Gauge Field 
Theories 

17:00-17:40 Luca Lusanna 
Hamiltonian ADM tetrad gravity: the curvature 
tensors, the problem of the observables of GR and 
comments on canonical quantization 

 
MMercoledì  116  

09:30-10:00 Luciano Burderi 
The quantum clock: a critical discussion on (space-
)time 

10:00-10:30  Arturo Stabile 
The Scalar Tensor Fourth Order Gravity: solutions, 
astrophysical applications and conformal 
transformations 

10:30-11:00 Gabriele Gionti A Double String Theory manifestly T-Dual Invariant 

11:00-11:30 CCoffee break   

11:30-12:00 Giampiero Esposito 
Perturbative evaluation of scalar 2-point function in 
the CMB power spectrum 

12:00-12:30 Roberto Casadio Brane-world stars 

12:30-13:00 
Mariafelicia De 
Laurentis 

Hamiltonian dynamics and Noether symmetries in 
Extended Gravity Cosmology 

13:00-14:30 LLunch break   

14:30-15:00 Cosimo Stornaiolo Cosmology and torsion 

15:00-15:30 Antonino Marciano 
Fermi-bounce Cosmology and scale invariant 
powerspectrum 

15:30-16:00 Ester Piedipalumbo GRBs Cosmology 

16:00-16:30 CCoffee break   

16:30-17:00 Gerardo Cristofano 
From Black Hole quantization to universal scaling 
laws 

17:00-17:30 Orlando Luongo 
Dark energy from entanglement entropy cosmo-
graphic constraints and theoretical consequences 

17:30-18:00 Massimiliano Rinaldi When Higgs met Einstein 

18:00-18:30 Antonio Stabile 
Constraints on NonCommutative Spectral Action 
from Gravity Probe B and LARES 
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 Quantum: Mechanics and Applications 

 

Friday 11 

 
CComplete positivity and the second law 

 
Fabio Benatti 

Università di Trieste, INFN QUANTUM 
 
Given a concrete quantum thermodynamical model consisting of an open system 
with periodic driving, we show that absence of complete positivity in the reduced 
dynamics leads to repeated violations of the second law of thermodynamics. 
 
 
 

Phase Space Approach to Open Quantum Systems 
 

Paolo Aniello 
Università di Napoli Federico II, INFN QUANTUM  

 
The phase space approach to quantum mechanics leads to an elegant and 
powerful formulation of the theory that allows one to achieve interesting insights, 
and to highlight intriguing links and analogies with classical mechanics. We will 
show that, for suitable open quantum systems, the phase space approach turns out 
to be particularly appealing and poses nontrivial mathematical issues. 
 
 
 

Exotic states in the dynamical Casimir effect 
 

Giuliano Benenti  
Università dell'Insubria, INFN QUANTUM 

 
We consider the interaction of a qubit with a single mode of the quantized 
electromagnetic field and show that, in the ultrastrong coupling regime and when 
the qubit-field interaction is switched on abruptly, the dynamical Casimir effect leads 
to the generation of a variety of exotic states of the field, which cannot be simply 
described as squeezed states. Such effect also appears when initially both the qubit 
and the field are in their ground state. The non-classicality of the obtained exotic 
states is characterized by means of a parameter based on the volume of the 
negative part of the Wigner function. A transition to non-classical states is observed 
by changing either the interaction strength or the interaction time. The observed 
phenomena appear as a general feature of nonadiabatic quantum gates, so that 
the dynamical Casimir effect can be the origin of a fundamental upper limit to the 
maximum speed of quantum computation and communication protocols. Effects of 
terms beyond the rotating wave approximation on the capacity of a quantum 
communication channel are also discussed. 
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Quantumness and classicality 
 

Leonardo Ferro  
Università di Salerno, INFN QUANTUM  

 
A fundamental aspect of modern physics is to characterize the crossover between 
the quantum and the classical world. There are tasks in computation and 
communication that can be efficiently performed only if quantum resources are 
available. For this reason it is important to give rigorous definitions of quantumness 
and classicality. 
In this talk I will give an overview on the recent studies on classical states and 
quantumness witnesses and show that it is possible to quantify the quantumness of 
a system and measure it with available experimental resources.  
 
 
 

The Casimir effect: present status, theoretical puzzles and future perspectives 
 

Giuseppe Bimonte 
Università di Napoli Federico II, INFN QUANTUM 

 
In this talk I shall present an informal overview of the Casimir effect. One of the rare 
manifestations of the quantum at the macroscopic scale, this phenomenon was 
predicted in 1948 by the dutch physicist H. Casimir. The Casimir effect has become 
the subject of intense experimental and theoretical work in the last 15 years, as a 
result of important advancements in experimental techniques which allowed to 
measure the tiny Casimir force with unprecedented precision, paving the way to 
exciting applications in nano-technology.. 
 
 
 
 

Saturday 12 

 
 

Entanglement Spectrum of Large Quantum Systems: 
 von Neumann entropy and Phase Transitions 

 
Giuseppe Florio 

Università di Bari, INFN QUANTUM 
 
The properties of bipartite entanglement of a quantum system in a pure state are 
encoded in its entanglement spectrum, given by the eigenvalues of the reduced 
density matrix of one of its two subsystems. We analyze the typical distribution of the 
eigenvalues on isoentropy manifolds, conditioned at a given value of the von 
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Neumann entropy for large systems. We tackle the problem by applying the tools of 
statistical mechanics and random matrix theory. The problem is thus rephrased in 
terms of an optimization problem. In particular, the spectral distribution of the 
bipartite entanglement is computed by using a Coulomb gas method and a set of 
saddle point equations. We find that entanglement exhibits a rich structure, with 
three different regimes, corresponding to two phase transitions. The two critical 
points are associated with sudden changes in the shape of the entanglement 
spectra going from highly entangled states to typical (random) towards separable 
states. 
 
  
 

Fluctuations algebra and mesoscopic entanglement 
 

Federico Carollo 
Università di Trieste, INFN QUANTUM 

 
We consider two non-interacting infinitely long spin chains immersed in a same 
microscopic heat bath. While their mean field behaviour is completely classical, we 
show that, at the level of their fluctuation observables, the two chains behave 
mesoscopically as a fourmode bosonic open quantum system that can become 
entangled by the sole action of the microscopic noise.  
 
 
 
 

A unifying approach to the quantification of quantum and classical correlations 
 

Marco Cianciaruso 
Università di Salerno, INFN QUANTUM  

 
The notion of distance defined on the convex set of states of a quantum system 
paves the way for several geometric approaches to the quantification of 
correlations. According to one of these, the distance between a state ρ and the set 
of states that do not possess a particular kind of correlations is a quantifier of that 
type of correlations. Hence, the distances between a state ρ and the sets of product, 
classical-quantum and separable states represent, respectively, the amount of total 
correlations, quantum correlations and entanglement of ρ. Furthermore, the 
distance between the nearest state to ρ that does not possess a particular kind of 
correlations and the set of uncorrelated states represents the amount of correlations 
of ρ that are not of that particular kind. Therefore, the distance between the nearest 
classical-quantum state to  and the set of product states represents the classical 
correlations of ρ. 
This geometric approach to the quantification of correlations manifests several 
appealing features. Firstly, it is unifying, thus allowing for a direct comparison 
between all the above mentioned notions of correlations. Secondly, it readily 
suggests generalizations to the multipartite setting. 
We use the Bures distance as a quantifier of correlations. The reason for choosing 
this distance instead of others stems from its quite peculiar, but desirable properties. 
It is at the same time monotonic under completely positive trace preserving maps, 
locally Riemannian, Fisher adjusted and Fubini-Study adjusted. On the contrary, e.g., 
the Hilbert-Schmidt distance is locally Riemannian but not monotone, the trace 
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distance is monotone but not locally Riemannian and the relative entropy is not 
even a proper distance as it is not symmetric. 
We provide the closed formulae of classical and total correlations of Bell diagonal 
states according to the Bures distance that, together with the known corresponding 
formulae for entanglement and quantumness of correlations, allow us to gain a 
complete and unifying view of correlations of Bell diagonal states. 
Finally, we show that also the classicality of correlations based on Bures distance 
freezes after a certain time under local non-dissipative decoherence. An appealing 
direction for future investigation is the understanding of the physical origin of the 
universal freezing under nondissipative decoherence of any known bona fide 
measure of quantumness of correlations before a certain time t*, and freezing of 
any known bona de measure of classical correlations after the same time t*. It is not 
clear if this follows from the requirements for being a bona fide measure of classical 
or quantum correlations, or it is an extra condition to define such a measure of 
correlations. 
 
 
 
  

Interference in a two-mode Bose system with N particles is typical 
 

Francesco Pepe 
Università di Bari, INFN QUANTUM  

 
When a Bose-Einstein condensate is divided into two parts, that are subsequently 
released and overlap, interference fringes are observed. We show here that this 
interference is typical, in the sense that most wave functions of the condensate, 
randomly sampled out of a suitable sector of the Hilbert state that describes it, 
display interference. No hypothesis of decoherence between the two parts of the 
condensates is made.  
 
 
 
 

Control of Quantum Dynamics on an Atom-Chip 
 

Cosimo Lovecchio 
Università di Firenze, LENS  

 
The minimization of the effect of external perturbations and, more importantly, the 
control of coherent dynamics within a conveniently defined quantum space is 
crucial to many applications such as atom interferometry and quantum information 
processing. We exploited the back action of quantum measurements and strong 
couplings to tailor and protect the coherent evolution of a quantum system, a 
phenomenon known as Quantum Zeno Dynamics. Furthermore we apply a 
recently developed optimal control tool to drive the quantum dynamics from the 
fixed initial state toward a chosen target. This tool allows to reach any point in the 
Hilbert space of interest, in a time much faster than what allowed by non optimized 
continuous coherent evolution. Our control and protection protocols are realized on 
a compact, easy to use, Atom-Chip device, using a 87Rb BEC, a system which 
simplifies the approach to future developments.  
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Simulation of lattice gauge field theories with Tensor Networks 
 

Piero Silvi  
Universität Ulm 

 
Lattice gauge physics exhibit a high amount of local symmetry content. In numerical 
simulation contexts, this encourages one to elaborate a framework which can deal 
variationally with local degrees of freedom and allows high degree of control over 
symmetries: tensor network ansatz states are the perfect tool for this goal. A tensor 
network architecture specifically built on quantum link model formulation of lattice 
gauge theories is introduced, and its features in terms of numerical efficiency and 
symmetry control are discussed, alongside with benchmarks based on quantum 
electrodynamics phenomena in 1D.  
 
 
 

Preserving information in an evolutionary Universe 
 

Stefano Mancini 
Università di Camerino, INFN QUANTUM  

 
Preserving information stored in a physical system can be viewed as the action of a 
(quantum) channel where storage and retrieval correspond to input encoding and 
output decoding respectively. 
We consider the situation where the noise is not due to technological imperfections, 
but to the physical laws governing the evolution of the universe. Hence we 
determine the ultimate limits in preserving information, specifically giving the trade-o 
classical, quantum and entanglement assisted capacities.  
 
 
 

Entanglement: Monogamous or not? 
 

Sara Di Martino 
Università di Bari  

 
Understanding the structure of entanglement distributed among many parties is 
central to diverse aspects of quantum information theory. In 2000 Coffman et al. 
found that the entanglement that can be shared among three parties (A, B, C) is 
constrained by the so-called monogamy inequalities. After some years Osborne et 
al. found that a set of similar inequalities holds for systems of n qubits: the sum of the 
entanglement that one qubit shares with each one of the other 6 qubits of the 
system is bounded from above by the entanglement that this qubit shares with the 
rest of the system. We investigate the generalization of these inequalities for four-
qubit pure states where all the possible bipartition of the system are taken into 
account. In particular we prove that some classes of states, as the one composed 
by states that are superpositions of four-partite GHZ and W states, satisfy a strong 
monogamy inequality, by constructing a lower bound on the measure of 
entanglement. We also show numerical evidence that the inequality holds for 
arbitrary pure states of four qubits.  
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Quantum Simulations of Effective Field Theories with 

 Strongly Correlated Systems on a Lattice 
 

Elisa Ercolessi 
Università di Bologna, INFN QUANTUM 

 
We will discuss how one can use lattice models with spin and bosonic/fermionic 
degrees of freedom -which might be experimentally implemented with ultracold 
atoms in optical lattices- to simulate field theories in low dimensions, also in 
presence of topological terms.  We will also consider the possibility of investigating 
out-of-equilibrium properties and examining dynamical effects such as the Kibble-
Zurek mechanism. 

 
 
 
 

Saturday 12 

 
 

 
Superposition principle and classical mechanics 

 
Ennio Gozzi 

Università di Trieste 
 
In the Hilbert space formulation of classical mechanics, pioneered by Koopman 
and von Neumann, the non-superposition of states had to be postulated. We shall 
show here that extending the formalism to include differential forms a universal 
super-selection rule is triggered which kills the superposition without having to 
postulate it. We shall also show why this super-selection breaks down in quantum 
mechanics. 
 
 
 

Multiphoton Correlation Functions and Permanents 
 

Vincenzo Tamma 
Universität Ulm 

 
The connection between the boson sampling problem in a linear optical 
interferometer with single photon sources and the computation of matrix 
permanents has recently brought a strong interest for quantum computing 
applications. In this work we explore the physics of N-order interference in terms of 
N-order correlation functions in a generic linear optical interferometer with both Fock 
states sources and thermal sources. We show how also in this case the connection 
of such a problem with matrix permanents play a fundamental role. 
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FFluctuations in plasmas  

 
Svetlana Ratynskaia 

Royal Institute of Technology, Stockholm 
 
The modern kinetic theory of plasmas is based on the Bogoliubov-Klimontovich 
theory of correlations/fluctuations, considering particle discreteness and the basic 
statistical relation dNdN  = N for the fluctuations of the particle density, valid for any 
system of particles. The theory of fluctuations in plasmas is based on the conceptual 
separation of the fluctuations into “natural and “induced”, the latter induced in a 
system of charged particles by the fluctuating  field generated by the natural (or 
"source") fluctuations due to particle discreteness. The natural fluctuations are 
random and not known but the theory is formulated in terms of their correlators 
providing the theoretical expressions for their spectral density. Spectral densities of 
plasma fluctuating quantities are commonly used for diagnostics purposes in both 
laboratory and space plasmas. Typical examples include Thomson scattering in 
fusion plasmas and Quasi-thermal Noise spectroscopy in space.  
 
 
 
 

Implications of Lorentz signature for relativistic quantum mechanics 
 

Luca Lusanna 
INFN, Firenze 

 
The elimination of relative times in the description of bound states (need of clock 
synchronization) and the non-trivial notion of relativistic center of mass imply a non-
locality and a spatial non-separability in classical and quantum relativistic 
mechanics. Therefore relativistic entanglement is quite different from the non-
relativistic one. Also a comment on the transition from the quantum to the classical 
regime is made.  
 
 
 
 

Gravitational test of the Generalized uncertainty principle 
 

Fabio Scardigli 
Politecnico di Milano 

 
We compute the corrections to the Schwarzschild metric able to reproduce the 
GUP-modified Hawking temperature. The GUP deformation parameter is this way 
directly linked to the deformation of the metric. Using this deformed Schwarzschild 
metric we compute corrections to the standard GR values for light deflection and 
perihelion precession. This allows us to compare the GUP deformation parameter 
with astronomical well know measures, and to find bounds on such deformation 
parameter.  
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MMeasurement and dephasing of a flux qubit due to heat currents 
 

Samuele Spilla 
Università di Palermo 

 
The existence of a phase-dependent thermal current through a temperature-biased 
Josephson junction has been recently demonstrated experimentally. It is this phase-
dependence of the thermal current, which makes it interesting to study its sensitivity 
and impact on the states of superconducting circuits for quantum computing, e.g., 
superconducting qubits. I will present an analysis of the thermal current through a 
superconducting persistent current qubit, made of a superconducting loop 
interrupted by three Josephson junctions, which is subject to a temperature 
gradient. It can be shown that the thermal current induced by the temperature 
gradient depends significantly on the state of the qubit. I will furthermore investigate 
the impact of the heat current on the coherence properties of the qubit state. We 
find that even small temperature gradients can lead to dephasing times of the 
order of microseconds for the Delft-qubit design. 
 



  

 

 Graviatonal Waves 
 

  

Monday 14 

 
 

Nuclear equation of state from observations of short gamma-ray burst remnants 
 

Brynmor Haskell 
Melbourne University 

 
The favored model for short gamma ray bursts (SGRBs) is the merger of two neutron 
stars. Following the initial burst of gamma rays some SGRBs exhibit a plateau phase 
in their X-ray light curve, that is believed to be due to energy injection from a 
rotating, highly magnetized, neutron star, which then collapses to a black hole. I will 
show how fits to X-ray light curves, together with our current knowledge of the 
distribution of masses in in binary neutron star systems, can be used to constrain the 
equation of state of dense matter. In particular I will show that soft equations of state 
are excluded and that future gravitational wave observations with Advanced 
LIGO/Virgo can place tight constraints on the equation of state, by measuring the 
chirp mass of the progenitor system.  
 
 
 
 

Probing GRBs progenitor mass by GWs 
 

Mariafelicia De Laurentis 
Università di Napoli Federico II 

 
We analyze a sample of 115 long gamma ray bursts in view of searching for the 
related emission of gravitational waves. Considering an un-modeled gravitational-
wave burst, we suppose that the emission of gravitational waves comes out from an 
extreme stellar collapse where a neutron star or a black hole is the remnant of the 
gamma ray bursts progenitor. We make the assumption that energy realised by 
the progenitor during the collapse is partially converted in GW, namely EGW = kEiso, 
where k is a scaling factor. We take the extreme case in which k = 1 as the starting 
point to define the upper limits for the masses of the progenitors. From these upper 
limits we are able to define the possible amplitude of detection of gravitational 
waves. Finally, we verify how much percentage of the gamma ray burst Eiso is 
compatible with the binding energy of the collapsed object. Results seem reliable 
since the order of magnitude of gamma ray burst Eiso is compatible with the 
binding energy of the collapsed object. Furthermore, using a sample of short 
gamma ray bursts, we outline here the possibility to associate short Gamma Ray 
Bursts as electromagnetic counterpart of coalescing binary systems.  
 
 
 
 
 



 

 
 

 
 
Graviational Waves 

LLow latency search for Gravitational Waves from BH-NS binaries in coincidence with 
Short Gamma-Ray Bursts. 

 
Andrea Maselli 

Sapienza Università di Roma  
 
We propose a procedure to be used in the search for gravitational waves from 
black hole-neutron star coalescing binaries, in coincidence with short gamma-ray 
bursts. Given a gravitational wave event, we show how to assign a probability that 
the detected signal is associated to the formation of a black hole surrounded by an 
accreting disk massive enough to supply the energy needed to power a short 
gamma ray burst. This information can be used in low latency data analysis to 
restrict the parameter space searching for gravitational wave signals in coincidence 
with short gamma-ray bursts, and to gain information on the dynamics of the 
coalescing system and on the internal structure of the components. In addition, 
when the binary parameters will be measured with high accuracy, it will be possible 
to use this information to trigger the search for off-axis gamma-ray bursts afterglows.  
 
 
 
 

Gravitational wave and electromagnetic multi-messenger astronomy  
 

Marica Branchesi 
Università di Urbino 

 
The observations of the Universe will include soon a new messenger: the 
gravitational waves. The gravitational wave detectors, LIGO and Virgo, currently in 
the process of technological upgrading, will reach sufficient sensitivity to observe for 
the first time gravitational waves. The simultaneous observations of photons and 
gravitational waves from the same astrophysical sources will be crucial to achieve 
a complete knowledge of many astrophysical processes, such as the merger of 
neutron stars and/or black holes and the explosion of supernovae. The talk will 
outline the challenges, opportunities and strategies of joining gravitational waves 
and electromagnetic observations.  
 
 
 

Stochastic backgrounds of Gravitational Waves from extragalactic sources  
 

Stefania Marassi 
INAF-Osservatorio Astronomico di Roma 

 
We discuss the spectral properties of stochastic backgrounds of astrophysical origin 
resulting from the cumulative emission of various extragalactic astrophysical 
sources, as neutron stars, black holes and compact binary systems, throughout the 
history of the Universe. Adopting different gravitational wave source spectra, 
sophisticated population synthesis models and a star formation history deduced 
from the most recent astrophysical observations we calculate their amplitudes and 
compare them with the sensitivity of planned and future ground/spacebased 
interferometers, assessing whether these backgrounds might act as foregrounds for 
signals generated in the Inflationary epoch.   



  

 

 Graviatonal Waves 
 

  
Neutrino Interactions in Neutron-Star Matter 

 
Omar Benhar 

INFN and Department of Physics, Sapienza Università di Roma 
 
The response of neutron star matter to weak interactions determines the neutrino 
mean free path, the knowledge of which is required for the description of the 
delayed supernova mechanism and proto-neutron star cooling. I will discuss recent 
results obtained using a dynamical model allowing to consistently include the 
effects of both short and long range correlations, that have long been recognised to 
critically affect neutrino propagation in matter.  
 
 
 

Gravitational Wave Emission from Magnetized Neutron Stars 
 

Riccardo Ciolfi 
AEI Potsdam - Max Planck Institute for Gravitational Physics 

 
Among the potentially observable gravitational wave emission processes involving 
neutron stars, are those that are directly induced by their strong magnetic fields. 
These include the emission of continuous signals from rotating magnetically-
deformed neutron stars and the gravitational wave damping of neutron star 
oscillations excited by hydromagnetic instabilities (which can potentially occur, e.g., 
in correspondence to magnetar giant flares). We focus on these two processes, 
discussing the prospects of detection according to our recent results on the subject.  
 
 
 
 

From Neutron Star Structure to Compact Binary Mergers and Back 
 

Francesco Pannarale 
Cardiff University  

 
Neutron stars are the densest objects we know in our Universe that lack an event 
horizon. Our understanding of the behaviour of matter in these extreme conditions is 
still incomplete. We do know, however, that the equation of state of neutron star 
matter and the very high magnetic fields of these stars affect the phenomenology 
of the merger of double neutron star and black hole-neutron star binaries, along 
with their gravitational wave and electromagnetic emission. I will discuss some 
recent analytic and numerical results and ongoing work on modelling these 
mergers and the radiation they emit, as well as our prospects to constrain the 
neutron star equation of state via compact binary merger observations.  
 
 
 
 
 
 
 
 



 

 
 

 
 
Graviational Waves 

OOn the gravitational signal from tidally deformed neutron stars in coalescing 
binaries 

 
Leonardo Gualtieri 

Sapienza Università di Roma 
 
The gravitational signal emitted in the late inspiral of a binary system, composed by 
a neutron star and another compact object, encodes the deformability properties 
of the neutron star, which depend on the behaviour of matter in the stellar interior. 
We discuss how the detection of this signal from ground based interferometers of 
second and third generation, can be used to extract information on the neutron star 
equation of state.



  

 

 Classical and Quantum Gravity 

 

Tuesday 15 

  
 

Lobachevsky Geometry and Graphene Spacetimes  
 

Alfredo Iorio 
Charles University, Prague  

 
Embeddings are usually just mathematical tools, to obtain spacetimes whose 
physics forgets about where they come from. One example is the AdS in n 
dimension, obtained through embedding in a flat n+1 dimensional spacetime with 
two times. For the 2 dimensional membrane of graphene, the laboratory space is a 
physical embedding space. This, together with the relativistic-like properties of the 
electrons living on the membrane, gives raise to unusual 2+1 dimensional 
spacetimes. Particularly important are the infinite cases of negatively curved 
surfaces, for which, within certain experimental limits, conformal (Weyl) Killing 
horizons can be reached. The effective Dirac QFT on curved spacetime, that 
emerges from the picture, naturally predicts Hawking-Unruh phenomena. Scenarios 
where certain quantum gravity effective description could also emerge, will be 
briefly outlined.   
 
 
 

Noncommutative Gauge Theories as Matrix Models  
 

Patrizia Vitale 
Università di Napoli Federico II 

 
We briefly motivate the interest for noncommutative quantum field theory form the 
point of view of quantum gravity. We thus propose candidates for noncommutative 
gauge theories in two and three dimensions and discuss their matrix formulation.   
 
 
 
 

Inhomogeneous Structures: A Lesson from Condensed Matter  
 

Giancarlo Jug 
Università dell’Insubria 

 
As is well known, it has been proposed that the distribution of matter in the Universe 
could be inhomogeneous at intermediate to large distances. The effect of these 
inhomogeneities on cosmological modeling, in particular in the dark energy issue, 
is largely debated and somewhat controversial. In this talk I address a similar 
situation in condensed matter physics. This may offer a more accessible playground 
for developing strategies and models which can be of help in the cosmological 
setting. In the context of condensed matter out of equilibrium, the existence of 
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inhomogeneous structures has now been ascertained. A cogent example is 
represented by the so-called dynamical heterogeneities in supercooled liquids 
above the glass transition and in colloidal dispersions. An important question is the 
observability of such intermediate-range inhomogeneous structures. It will be shown 
that if, as it now seems, such inhomogeneous structures continue to exist in the 
frozen glassy state -giving rise to crystallites or even micro-crystals embedded in an 
amorphous medium - then many surprising low temperature magnetic effects in 
glasses receive a consistent explanation as manifestations of such static 
inhomogeneities.   
 
 
 
 

Gysin Sequences for Noncommutative Spaces and their Applications  
 

Francesca Arici 
Sissa, Trieste  

 
Motivated from problems in high energy physics, like T-duality and Chern Simons 
Theories, I will explain the role of the long exact sequence in cohomology known as 
the Gysin sequence. I will then move to its K-theoretic counterpart and show how to 
construct it for a class of quantum spaces. This part is based on a joint work with S. 
Brain and G.Landi. If time allows, I will outline some of the applications of our result to 
the above mentioned physical theories.   
 
 
 
 

Global Existence of Solutions of the Semiclassical Einstein Equation  
on Cosmological Spacetimes  

 
Daniel Siemssen 

Università di Genova 
 
In this talk I will present recent results on the semiclassical Einstein equation in flat 
cosmological spacetimes driven by a massive conformally coupled scalar field. It is 
possible to give initial conditions at finite time to get a state for the quantum field 
which has finite expectation values for the stress-energy tensor. This expectation 
value can be controlled by means of a global estimate on regular cosmological 
spacetimes. The obtained estimates permit to write a theorem about the existence 
and uniqueness of the local solutions encompassing both the spacetime metric 
and the matter field simultaneously. Finally, we show that one can always extend 
local solutions up to a point where the scale factor becomes singular or the Hubble 
function reaches a critical value Hc = 180π/G which both correspond to a 
divergence of the scalar curvature, namely a spacetime singularity.  
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CConstraints on Covariant Horava-Lifshitz Gravity from frame-dragging experiments  
 

Ninfa Radicella  
Università di Salerno 

 
Constraints on a covariant version Horava-Lifshitz - formulated by Horava and 
Melby-Thompson (which includes two additional nondynamical fields with 
projectability condition) are described. Solutions are considered in the weak field, 
slow motion limit, referring to the motion of a satellite around the Earth as well as to 
the ring lasers in a Earth based experiment. In such a context the gravitomagnetic 
paradigm and constraints can be considered on the Horava-Lifshitz parameters 
and couplings coming from GP-B, Lageos experiments and the more recent Lares 
mission. The theory is also compared with the expected results of Ginger, an Earth 
based experiment that will be located at Gran Sasso.  
 
 
 
 

Optimal Space of Observables for Gauge Field Theories  
 

Marco Benini 
Università di Pavia 

 
Observables for gauge field theories are required to be gauge invariant functionals 
on field configurations. This condition restricts the class of functionals which can be 
used to test field configurations, ultimately leading to the question whether there are 
sufficiently many functionals in order to distinguish all dinamically allowed field 
configurations. Furthermore, at the level of observables the on-shell condition for 
field configurations can be translated in terms of a quotient. One might ask whether 
there are still some redundant functionals after this identification. A positive answer 
to both questions is available in the electromagnetic case by means of 
cohomology groups with spacelike and timelike compact support. Dealing with the 
standard equation for the vector potential and its gauge symmetry in terms of exact 
1-forms, it is possible to exhibit an optimal space of gauge invariant linear 
functionals. This means that such space distinguishes all dynamically allowed field 
configurations up to gauge and it doesn't contain redundancies, namely there are 
no different elements which give the same result upon evaluation on any 
configuration.   
 
 
 
 

Hamiltonian ADM tetrad gravity: the curvature tensors, the problem of the 
observables of GR and comments on canonical quantization  

 
Luca Lusanna 

Firenze 
 
The York canonical basis of ADM tetrad gravity, described with 3+1 splittings of 
globally hyperbolic asymptotically Minkowskian spacetimes without 
supertranslations, is adapted to ten of the fourteen first class constraints of the theory. 
This allows to identify a set of of inertial gauge variables and a set of physical tidal 
ones. Riemann and Weyl tensors can be expressed in the basis and the 
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introduction of Hamiltonian null tetrads allows to get the Hamiltonian expression of 
the Weyl scalars of the Newman-Penrose formalism. It is shown how a solution of the 
super-Hamiltonian and super-momentum constraints would allow to find a set of 
Dirac observables of GR, which would also be 4-scalars due to the use of radar 4-
coordinates. This would open the possibility of a consistent canonical quantization 
with a ultraviolet cutoff identified by the Casimirs of the asymptotic Poincare' Group.
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TThe quantum clock: a critical discussion on (space-)time 
 

Luciano Burderi 
Università di Cagliari 

 
 
We critically discuss the measure of very short time intervals. By means of a 
gedankenexperiment, we describe an ideal clock based on the occurrence of 
completely random events. We show that the minimum time interval dt that this 
clock can measure scales as the inverse of its size dr. This implies an uncertainty 
relation between space and time: dr dt ≥ Gh/(2pi c4) where G, h, and c are the 
gravitational constant, the Planck constant, and the speed of light, respectively. We 
outline and briefly discuss the implications of this uncertainty principle. Finally we will 
discuss an experiment based on a balloon-borne very large area detector capable 
to investigate (sub)millisecond structures in the prompt emission of Gamma Ray 
Bursts: energy-dependent time lags in these phenomena could probe the granular 
structure of the space-time fabric down to the Planck scale. 
 
 
 
 

The Scalar Tensor Fourth Order Gravity: solutions, astrophysical applications and 
conformal transformations 

 
Arturo Stabile 

Università del Sannio 
 
The first step of comparison between the General Relativity and the so-called Scalar 
Tensor Fourth Order Gravity must be performed in the same framework of 
astrophysical applications that demonstrated the validity of Einstein’s theory with 
respect to the Newtonian mechanics. By considering other curvature invariants and 
also the presence of non-minimally coupled scalar field the solutions for the 
spherically symmetric systems are shown in the limit of weak field. The solutions are 
applied in the astrophysical framework: the galactic rotation curves, the 
gravitational lensing, the stellar hydrostatic equilibrium. Finally the mathematical 
relations between the Jordan and Einstein frames in the weak field limit are shown. 
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AA Double String Theory manifestly T-Dual Invariant 
 

Gabriele Gionti 
Specola Vaticana 

 
 
Long ago, it has been discovered that closed strings have an exact symmetry in the 
mass spectrum, once they are compactified on Tori, which is called T(Toroidal)- 
Duality. The starting Lagrangian of the theory is, in general, not invariant under T-
Dual transformation. It has been found that the theory in interaction exhibits vertex 
operators which, instead, have a T-Duality invariance. This suggests that the real 
phase space of the theory has to be made out of both the coordinates of the String 
as well as their T-dual one’s. Being the closed string the carrier of the gravitons 
mode, it is believed that the effective field theory associated with the (string) 
scattering amplitudes of gravitons will provide an extended theory of gravity. For this 
purpose, as first building block we compare, between them, two different double 
string theory actions; the Tesytlin action and the Hull action. In each case (action), a 
Dirac constraint analysis and quantization is done. It is shown that the two action 
can be derived one from the other by Using the Pasti-Tonin-Sorokin method. 
 
 
 
 

Perturbative evaluation of scalar 2-point function in the CMB power spectrum  
 

Giampiero Esposito 
INFN, Napoli 

 
Recent work in the literature has found a suppression or, instead, an enhancement 
of the Cosmic Microwave Background power spectrum in quantum gravity, 
although the effect is too small to be observed, in both cases. The present paper 
studies in detail the equations recently proposed for a Born-Oppenheimer-type 
analysis of the problem. By using a perturbative approach to the analysis of the 
nonlinear ordinary differential equation obeyed by the two-point function for scalar 
fluctuations, we find various explicit forms of such a two-point function, with the 
associated power spectrum. In particular, a new 2-parameter family of power 
spectra is obtained and studied. The theoretical prediction of power enhancement 
at large scales is hence confirmed. 
 
 
 

Brane-world stars  
 

Roberto Casadio 
Università di Bologna 

 
After a brief review of brane-world models, the principle of Minimal Geometric 
Deformation for spherically symmetric systems will be introduced in order to obtain 
solutions to the effective four-dimensional Einstein equations. Results for compact 
sources and possible drawbacks of the formalism will be finally addressed. 
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HHamiltonian dynamics and Noether symmetries in Extended Gravity Cosmology  
 

Mariafelicia De Laurentis 
Università di Napoli Federico II 

 
We discuss the Hamiltonian dynamics for cosmologies coming from Extended 
Theories of Gravity. In particular, minisuperspace models are taken into account 
searching for Noether symmetries. The existence of conserved quantities gives 
selection rule to recover classical behavior in cosmic evolution according to the so 
called Hartle criterion, which allows one to select correlated regions in the 
configuration space of dynamical variables. We show that such a statement works 
for general classes of Extended Theories of Gravity and is conformally preserved. 
Furthermore, the presence of Noether symmetries allows a straightforward 
classification of singularities that represent the points where the symmetry is broken. 
Examples for non-minimally coupled and higher-order models are discussed. 
 
 
 
 

Cosmology and torsion 
 

Cosimo Stornaiolo 
INFN, Napoli 

 
Modified theories with torsion have proved to be an interesting alternative to 
General Relativity in many contexts. In particular torsion can have an important role 
in cosmology. I first review the main properties of spacetimes with torsion. Then I 
present some recent models of alternative gravity theories with torsion. Finally I show 
in particular how the horizon and homogeneity problems are addressed in 
presence of torsion and in a manner different from what was done in general 
relativity with the inflationary paradigm. 
 
 
 
 

Fermi-bounce Cosmology and scale invariant powerspectrum  
 

Antonino Marciano 
Fudan University 

 
We develop a novel non-singular bouncing cosmology, due to the non-trivial 
coupling of general relativity to fermionic fields. The resolution of the singularity arises 
from the negative energy density provided by fermions. Our theory is ghost-free 
because the fermionic operator that generates the bounce is equivalent to torsion, 
which has no kinetic terms. The physical system is minimal in that it consists of 
standard general relativity plus a topological sector for gravity, a U(1) gauge field 
reducing to radiation at late times and fermionic matter described by Dirac fields 
with a non- minimal coupling. We show that a scale invariant power-spectrum 
generated in the contracting phase can be recovered for a suitable choice of the 
fermion number density and the bare mass, hence providing a possible alternative 
to the inflationary scenario. 
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GGRBs Cosmology 
 

Ester Piedipalumbo 
Università di Napoli Federico II 

 
The correlation between the peak photon energy of the internal spectrum of 
radiation emitted by long gmma-ray bursts (GRBs) and isotropic equivalent radiated 
energy is explored in a way independent of the cosmological model. 
Using the recently updated data set of 162 high-redshift GRBs, we apply a local 
regression technique to estimate the distance modulus using the recent Union SNIa 
sample (the Union2.1). The derived calibration parameters are used to construct a 
calibrated GRBs Hubble diagram, which we adopt as tool for the cosmology, to 
investigate the dark energy equation of state in a redshift region (z > 3), unexplored 
both by SNeIa and BAO data. 
 
 

From Black Hole quantization to universal scaling laws 
 

Gerardo Cristofano 
Università di Napoli Federico II 

 
Significative developments on the primordial black hole quantization seem to 
indicate that the structure formation in the universe behaves under a unified 
scheme. This leads to the existence of scaling relations, whose validity could offer 
insights on the process of unification between quantum mechanics and gravity. 
Encouraging results have been obtained in order to recover the observed 
magnitudes of angular momenta, peculiar radii and virialized times for large and 
small structures. In the cosmological regime, we show that it seems possible to infer 
the magnitude of the cosmological constant in terms of the matter density, in 
agreement with the observed values. 
 
 

Dark energy from entanglement entropy: cosmographic  
constraints and theoretical consequences 

 
Orlando Luongo 

INFN –Napoli 
 
We show how quantum decoherence, in the context of observational cosmology, 
can be modeled in order to obtain dark energy. The decoherence signature could 
be characterized by the existence of quantum entanglement between 
cosmological eras. As a consequence, the Von Neumann entropy related to the 
entanglement process, can be compared to the thermodynamical entropy in a 
homogeneous and isotropic universe. The corresponding cosmological models are 
compatible with the current cosmographic observations. We find out possible 
classes of dark energy models which fairly well approximate current universe' 
speed up. A feasible interpretation of dark energy in terms of a quantum signature 
of entanglement is also presented, and consequences of quantum decoherence 
are here discussed. 
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WWhen Higgs met Einstein 
 

Massimiliano Rinaldi 
Università di Trento 

 
In the framework of primordial cosmology, it has been shown that the Higgs field 
can drive inflation when it is non-minimally coupled to gravity, a natural condition 
required by the renormalization properties of scalar fields in curved space. In this 
talk I will discuss other phenomenological aspects of this non-minimal coupling. In 
particular, I will focus on the modified structure of spherically symmetric compact 
objects and on a possible connection to the current cosmic acceleration. 
 
 
 
 

Constraints on NonCommutative Spectral Action from Gravity Probe B and LARES  
 

Antonio Stabile 
Università di Salerno 

 
Noncommutative spectral geometry offers a purely geometric explanation for the 
standard model of strong and electroweak interactions, including a geometric 
explanation for the origin of the Higgs field. Within this framework, the gravitational, 
the electroweak and the strong forces are all described as purely gravitational 
forces on a unified noncommutative spacetime. In this study, we infer a constraint 
on one of the three free parameters of the model, namely the one characterising 
the coupling constants at unification, by linearising the field equations in the limit of 
weak gravitational fields generated by a rotating gravitational source, and by 
making use of recent experimental data. In particular, using data obtained by 
Gravity Probe B and LARES, we set a lower bound on the Weyl term appearing in 
the noncommutative spectral action, namely  β > 10-6 m-1. 
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