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Fabrizio Buscemi (Modena e Reggio Emilia) 
with Paolo Bordone 
 
Entanglement and scattering resonances in quantum dots 
 
 
We perform the quantitative evaluation of the entanglement for a twoand multi- channel 1D 
scattering of an electron freely propagating and interacting with another electron bound in a 
potential well. In particular we analyze the role played by the transmission resonances on the 
appearance of quantum correlations between the two particles. In our approach we solve 
numerically the two-particle Schr¨odinger equation with open boundaries, for different confining 
potentials by applying the Quantum Transmitting Boundary Method [3]. Then we evaluate the 
entanglement (as a function of the initial energy of the incoming electron) by computing the von 
Neumann entropy of the reduced density matrix obtained from the outgoing component 
of the two-particle wavefunction [4]. 
We show that the entanglement created in the scattering depends upon the kind of resonance (Fano 
or Breit-Wigner) exhibited by the transmission coefficients and that, its value, at a given resonant 
energy, is affected by the type of process: two- or multi- channel scattering. In particular in the 
energy region around a Fano resonance, and for a two-channel scattering, the entanglement has a 
minimum between two close maxima. Such maxima are indicator of the maximal uncertainty of the 
energy state of the constituents of system and this condition is reached when the amplitudes of 
the transmission probability in the two channels attain the same values. On the other hand Breit-
Wigner resonances seem not to induce peculiar effects as far as quantum correlations are considered. 
Our results suggest the possibily of manipulating electron-electron entanglement through the 
resonance scattering of quantum dots. 
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G. Costantini (Bari) 
with G. Florio 
 
Multipartite Entanglement in The Critical Ising Model  
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Milena D'Angelo (Bari) 
with A. Garuccio  
 
Quantum imaging and lithography 
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Cristian Degli Esposti Boschi (Bologna) 
 
Scaling of local measures of entanglement close to quantum critical points 
 
We present a renormalisation-group argument to obtain the scaling exponent of a generic measure 
of entanglement involving a finite subregion of a quantum system close to criticality. As a 
byproduct we get a new procedure to locate and classify a critical point on the basis of finite-size 
data. Finally, we discuss some results of the application of this finite-size crossing method to 1D 
electronic or spin lattice models.  
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Giovanni Di Giuseppe (Camerino) 
 
Quantum Mechanics for Secure Communication - Experiment 
 
I will present some experimental results pertaining to the 
bidirectional quantum cryptography, a technique for secure 
communications recently proposed by the Quantum Optics & Quantum 
Information Group in Camerino. A complete bidirectional quantum key 
distribution in the third telecom window has been implemented, and 
results obtained in the preliminary tests. 
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Marco Lucamarini (Camerino) 
 



Quantum Mechanics for Secure Communication - Theory 
 
The security in modern communications is based on the mathematical complexity of certain 
problems, which are probably going to be solved with the next-future computational resources. On 
the contrary quantum mechanics allows for a security that does not depend on the computational 
power of a potential eavesdropper. I will introduce the quantum cryptography state of the art, 
together with some theoretical results obtained by the Quantum Optics & Quantum Information 
Group in Camerino. 
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Alberto Porzio (Napoli) 
with S. Fornaro, V. D'Auria, S. Solimeno 
 
Triply resonant non-degenerate OPA as a CV entanglement source 
 
CV bright entangled beams are generated by a Non-degenerate “triply resonant” Optical Parametric 
Amplifier (NOPA) based on PPKTP type-II crystal. The system is operating at the University of 
Napoli –Quantum Optics Laboratory and is part  of an on-going national project on quantum 
communication using entangled channels. Preliminary measurements show that at the  cavity output 
entanglement is realized. Reliable triply resonance condition is obtained by combining temperature 
phase-matching and crystal tilting in the optical cavity. 
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Salvo Spagnolo (Palermo) 
 
Casimir-Polder  forces between atoms in the presence of boundary conditions 
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