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My research ac*vity has explored different theore*cal problems in the context of quantum 

sta*s*cal inference, with two main focuses: learning proper*es of quantum states and 

communica*ng with quantum systems in presence of noise.  

The first topic deals with the problem of understanding how to measure copies of an unknown 

state in order to learn the desired property using the least amount of copies. The cri*cal difference 

with inference in classical probability is that in the quantum case the measurement has to be 

carefully chosen. In this context, during my first two years of PhD I worked on two fundamental 

problems:  

1) Characterize op*mal learning machine for quantum state discrimina*on, which is a quantum 

generaliza*on of supervised learning, and evaluate the scaling of the error probability with the 

size of the learning set. 

2) Characterize the op*mal measurement for learning the overlap between two unknown pure 

states, evalua*ng the op*mal mean square error. 

During this year I have worked on two other problems in this area, for which I have par*al results. 

The first is extending the results of 2) to general distances between mixed states, and to tes*ng 

iden*ty between collec*ons of distribu*ons. The second is about finding sufficient condi*ons for 

efficient tes*ng of membership to a set of pure states: solving this problem would open a way for 

generalizing several results in the classical sta*s*cal learning literature to their quantum analogue. 

These two problems will be the focus of my last year of PhD, comple*ng the thesis project. 

About the topic of communica*on over quantum channels, during this year I have worked on two 

problems, reaching important results in both: 

3) Classical communica*on in absence of a reference frame with con*nuous variable systems: we 

argue that communica*ng with sources producing squeezed light can give beNer communica*on 

rates than just using coherent (classical) light. When the receiver’s measurement is 

photodetec*on, we prove an uncondi*onal advantage of squeezed light. It is interes*ng to no*ce 
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that this advantage does not come from quantum enhanced sharing of phase reference, a strategy 

which is subop*mal with respect to communica*ng with coherent states alone. 

4) Quantum and private communica*on: together with my colleague Farzad Kianvash we have 

improved the method used last year to get a state-of-the-art bound on the quantum capacity of 

the depolarizing channel, based on considering extensions of channels with non-orthogonal flags. 

We derived a very general set of sufficient condi*ons for degradability of flagged extensions, which 

give us state-of-the-art bounds on the quantum and private capacity of all the main finite 

dimensional quantum channels. In other words, our techniques provide the best quan*ta*ve 

understanding of the fundamental limits in protec*ng quantum states from the most common 

model of errors in quantum computers and quantum memories. 

Kianvash and I are currently exploring several other developments on the approach 4) , for 

example on con*nuous variable quantum and private communica*on. 

From November to February I have been hosted by the Quantum Informa*on Group at the 

Autonomous University of Barcelona, supported by the Erasmus Traineeship program, where I 

collaborated with experts in the topic of my thesis. This opportunity greatly improved my 

knowledge of the field and of the technical skills required for recent crucial developments.  

Some of the results obtained during my PhD have been accepted as contributed talks held by me 

or the other authors at top conferences in quantum informa*on theory, such as TQC 2020, ISIT 

2020, Beyond IID 2020, and presented at two invited seminars (Autonomous University of 

Barcelona and Heriot-WaN University) 

*se si intende so*oporre una relazione di ricerca più estesa, u4lizzare il campo per una descrizione sinte4ca e allegare il 
documento in formato .pdf 
If you are going to submit a longer report, please fill the box with a synthe4c abstract and a*ach a document in pdf format 
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