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1.  Work progress and achievements: summary report covering results, conclusions and socio-economic impact of the project.
The project QuantManip has been devoted to the generation of highly non classical states of the light by manipulation of states of light with quantum noise characterized by a Gaussian distribution. More specifically, the major aim of the project was the experimental realization of quantum states of light obtained as the superposition of two classically distinguishable states, the so-called “cat-states” and realized by subtracting one photon to a squeezed state generated by an optical parametric oscillator (OPO) below threshold. In experiments, the photon subtraction is heralded by a photon counting operation; each time the photon counter detects a photon, a logic gate allows the cat-state to be detected. This scheme is reported as conditional measurement. 

When the project started, the OPO source and the homodyne detector, required to measure the state properties, were already mounted at the host laboratory and their functioning was well mastered and understood by all the group members. What had to by done was to implement the entire conditional measurement scheme. This work included the development and mastering of a filtering system on the photon subtraction channel, the photons counting detector itself and the data analysis codes. 

The OPO source was a continuous wave (CW) one, generating light naturally multimode and without any intrinsic time binning. In this case the standard single photon detector had be combined with an accurate filtering stage, able to select only the photons relevant to the measurement. During her first year at the Laboratoire Kastler Brossel, Virginia D’Auria worked on the problem of photons filtering, with the objective of obtaining at the same time a filter transmission as high as possible together with the narrowest frequency selectivity. She solved the problem by designing a very compact system, based on the combination of a narrow band interferential filter and a high finesse cavity. This task has demanded a preliminary study relying on numerical simulations, as well as the design of all mechanical components required for the implementation of the, ultra short and ultra stable, optical cavity. The whole setup, including the electronic interface required to servo-assist the cavity, has been assembled, aligned and tested. The overall transmission has been measured to be around 80% in good agreement with what expected. In order to lock the cavity on its maximum transmission despite mechanical vibrations, an additional bright auxiliary beam, with properties as similar as possible to those of the photons to be detected, is required. During the first months of her second year of post-doc, Virginia D’Auria has worked to the problem of locking the filtering cavity (the locking electronics having been already realized during the first year), without directing the strong auxiliary beam toward the single photon counter. The problem has been solved by means of a scheme based on the use of fibred optical switches introducing two time bins; one time bin, in which the auxiliary beam was blocked, was dedicated to the measurements and the other one, in which the detector was blocked and the auxiliary beam enabled, to the cavity locking. This scheme as required a long work of alignment of the time bins in order to guarantee at a most robust locking while keeping the detection windows as long as possible. 

The photon counting operation has been performed by means of a superconducting single photon detector (SSPD). Despites standard avalanche photodiodes, this detector provides a good efficiency (16% @ 1064nm) together with a very low dark count (1Hz). However, since the SSPD operation involves a cryogenic environment, its manipulation has demanded to acquire competences in this sense. During her first year of post-doc, Virginia D’Auria has learnt how to employ the SSPD detector and to accurately characterized its performances, in terms of quantum efficiency and dark count for different working conditions and wavelengths (at 1064nm in CW and at 800nm with a femtoseconds pulsed laser). A possible implementation of SSPDs for photon number resolving has been studied in the frame of a collaboration with the CEA laboratory in Grenoble.

Concerning the data analysis, Virginia D’Auria has combined her experimental activity with theoretical and numerical work. More specifically she has developed a program (under mathematica and matlab platform) aiming to tomographically reconstruct the cat-state properties by means of homodyne date. The code has successfully been tested with data relative to the detection a squeezed states, and later on, on preliminary measurement of the Schrödinger cat.

As stated before, in conditional measurements on quantum-correlated photons, the detection of a single-photon on one of the beam heralds the generation of a single-photon state or of a Schrödinger cat on the other one. Such a scheme requires a precise knowledge of the heralding detector properties, such as its efficiency, its noise or its photon-number resolution ability. These performance parameters strongly affect the preparation rate and the fidelity of the generated state. 

This context has led to a work concerning the behaviour of quantum photon detectors. The experiment has been mostly performed during the second year of post-doctoral activity of Virginia D’Auria. 

The basic idea was to evaluate the effects of detector properties on conditional preparation and to compare two kinds of detectors; a conventional on/off detector and a time multiplexed one. To this aim, Virginia D’Auria has designed and entirely assembled a dedicated experiment, employing for the characterization a femtoseconds pulsed source at 800nm. The photon-detectors have been characterized by registering their response to a specific class of quantum states, whose quantum properties were known in advance. This technique is generally known as the quantum detector tomography. Provided the number of test states is large enough, it is possible to obtain, from the collection of the detector outputs, the probability pi with whom it will deliver the response “i”, when stimulated with any quantum state. In the experiment, the on/off detector was a conventional avalanche photodiode (APD), able only to tell if “at least” one photon has been detected (on) or not (off). The photon number resolving detector was realized by time multiplexing the light toward two optical path, with one of the path introducing a delay ∆T with respect to the other. The two paths are eventually recombined and sent to an APD. The arrival of two photons will correspond to two subsequent clicks, spaced of ∆T thus giving rise to three possible responses: off, 1 click, 2 clicks. Beside the optical realization, this work has required a specific electronic interface, consisting of logic gates well adapted to match the detection time windows with the femtosecond laser pulses; Virginia D’Auria has entirely realized the demanded electronic equipment.
The detector background noise level has been changed in a controlled way; an extra noise with Poissonian statistics has been introduced by sending to the detector, together with the test states an additional laser beam (CW @1064nm) with a well-determined mean photon number. The so-called decoherence effects of detector, induced by dark counts, have been observed. As for the cat-state generation, Virginia D’Auria has autonomously elaborated a program (under Mathematica platform) exploiting a maximum likelihood algorithm to reconstruct the detector properties.

Besides the purely experimental work, Virginia D’Auria has worked on the theoretical modelling of the detectors under estimation. In a second time, she used the experimental data on detector tomography, in combination with a theoretical model simulating a typical entangled state, to evaluate the effect of detector dark count on conditional preparation of single photon state. The detector decoherence work and the study of the effect of noisy detector in conditional preparation of single photon state are the objects of two papers respectively submitted and in preparation
.

Summary of the progress of the researcher training activities/transfer of knowledge activities/integration activities (as it applies for the MC action);
In these two years Virginia D’Auria had the possibility of attending many conferences and seminars. Among the others, she participated to 4 international conferences, one of which as speaker
 and three by presenting a poster
 and she was invited to give a seminar at the Lens-INOA in Florence (Italy), at the Laboratoire de Physique de la Matière Condensée in Nice (France) and at the Université Paris 7, in Paris (France). In May 2010, she visited the laboratories of he group of Jeff Kimble at the Caltech in California (U.S.). During her staying in Paris, she has attended to many of the seminars organized by the Ecole Nationale Superieure in Paris as well as by the quantum optics group of the Laboratoire Kastler Brossel and participated to the meeting of the Laboratoire Kastler Brossel, “Journée des pespectives du LKB”, and to the workshop organized by the French symposium of Quantum Information, Group de Recherche en Information et Communication Quantique, as unregistered auditor. 

In the frame of the collaboration with the CEA for the development of new SSPDs detector able to provide photon number resolving, she has visited the Superconducting Devices Group laboratories of Pr. Villegier in Grenoble. 

She is part of an internation collaboration between the LKB quantum optics group directed in Paris by C.Fabre and the quantum optics groups of Milan (It) and Naples (It), directed respectively by M.G.A. Paris and S. Solimeno. The object of this collaboration is the development of squeezed light source at telecom wavelengths, and the possible realization of a cat-state experiment in fibre.

In May 2010, Virginia D’Auria obtained a permanent position as Maitre de Conférences at the Laboratoire de Physique de la Matière Condensée (LPMC) in Nice, France.  
2. PROJECT MANAGEMENT

Please use this section to summarise management activities during the period:

· Project planning and status – from management point of view;

· Problems which have occurred and how they were solved or envisaged solutions;

· Changes to the legal status of any of the beneficiaries, in particular, SME status;

· Impact of possible deviations from the planned milestones and deliverables, if any;

· Development of the project website (if applicable);

· Gender issues; Ethical issues; 
· Justification of subcontracting (if applicable);

· Justification of real costs (management costs);

· Other 

	The work has been badly delayed by the russian made SSPD detectors that have not worked properly, due to technical issues, still not solved, due to fabrication errors.  

Nevertheless, preliminary measurments of the Schroedinger cat state have been obtained at the end of the 2 years by using a traditional APD detector (with very low quantum efficiency at the working wavelength and high dark count) in place of the SSPD.

Considering the technical issue with the detector, the project has thus advanced in a very satisfactory way, thanks to Virginia D’Auria’s hard work. 
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� V.D’Auria et al., “Quantum Decoherence of Single-Photon Counters” submitted to Nat. Comm. and “Eﬀect of the heralding detector properties on the conditional generation of single-photon states” in preparation


� International Conference on Quantum Information (ICQI) “Experimental generation of frequency degenerate bright EPR beams with a self-locked optical parametric oscillator” (Boston, Massachusetts, 2008).


�- QCMC2010 International Conference on Quantum Communication, Measurement and Computing “Quantum-to-Classical Transition of Single-Photon Detectors” (Brisbane, Australia, 2010).


-QCMC2008 International Conference on Quantum Communication, Measurement and Computing “Levels of Quantum Correlations in the Continuous Variable Regime: Review and Experimental Illustrations with OPOs” (Calgary, Canada, 2008).


-IQIS2008 Italian Quantum Information Science Conference 2008 “Levels of Quantum Correlations in the Continuous Variable Regime: Review and Experimental Illustrations with OPOs” (Camerino, Italie, 2008).
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