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Personal Information

Andrea Fioretti, Italian, born on 17/09/1964, married, two children.

Scientific Education

June 1983, "Maturita Scientifica";

July, 20th 1990, "Laurea" in Physics at the University of Pisa. Diploma thesis: “Study of the
chaotic behavior of a CO, laser with intracavity saturable absorber”, advisor Ennio Arimondo.

March 6™, 1999, PhD in Physics, Scuola Normale Superiore, Pisa. PhD thesis: “Atom-atom
collisions in a vapor of laser-cooled cesium atoms”, advisor Ennio Arimondo.

Employment
September 1990 — December 1991: military service
Janaury 1992 — July 1995: Phd thesis at Scuola Normale Superiore, Pisa.
Since September 1995 to present date: High school teacher of Mathematics and Physics.

November 1996 - July 1998, on leave from school teaching: E.U. Marie Curie post-doctoral
Fellowship at the Laboratoire Aimé Cotton, in Orsay (France), in the group of Pierre Pillet.

September 2001 - August 2002: on leave from school teaching, full-time researcher in the
Istituto per i Processi Chimico-Fisici, IPCF-CNR, in Pisa in the group of Carlo Gabbanini.

October 2004 - July 2006: on leave from school teaching, senior associate researcher at the
Laboratoire Aimé Cotton, in Orsay (France), in the group of Pierre Pillet.

July 2008 to present date: on leave from school teaching, senior associate researcher at the
Laboratoire Aimé Cotton, in Orsay (France), in the group of Pierre Pillet.

Scientific collaborations

From 1996 to 2004: collaboration with Ennio Arimondo and Francesco Fuso of the Physics
Departement, University of Pisa, on the subjects of cold collisions and nanodeposition of laser
cooled atoms.

Since July 1998 to present date: collaboration with Olivier Dulieu of Laboratoire Aimé
Cotton, Orsay, on the interpretation of molecular spectra.

Since September 1998 to present date: collaboration with Carlo Gabbanini of the Istituto per
1 Processi Chimico-Fisici, [IPCF-CNR, Pisa, on the subject of cold molecules.

Since 2008 to present date: collaboration with Maria Allegrini of the Physics Departement,
University of Pisa, on the subject of cold molecules.

Survey of the research activity

The peculiar characteristic of my scientific career is that, after the graduation at Pisa
University and the military service, I have always been sharing my time between teaching in the
Italian High School system, in which I hold a permanent position since september 1991, and
scientific research. From 1992 to the present date, I took several periods of leave from teaching to



perform full-time research. During the teaching years, I nevertheless kept on performing research
collaborating with different institutions, mainly the Istituto per i Processi Chimico-Fisici, IPCF-
CNR in Pisa

A former research interest, developed essentially during my Diploma thesis (Tesi di Laurea)
and in the two following years, was the experimental study of the onset of deterministic chaos in a
CO; laser with intracavity saturable absorber. My activity in this domain had continued also during
the first year of my PhD thesis, on both experimental and theoretical problems. This work made me
cope with nonlinear optical systems and provided me the basis of the expertise in experimental
work, and a real passion for it.

During my PhD thesis, I approached the fascinating field of laser cooling of neutral alkali
atoms (Cs). In particular, I built the first Magneto-Optical Trap (MOT) developed in Ennio
Arimondo’s group in Pisa. My PhD thesis reported the study of inelastic cold collisions leading to a
fine-structure change in one of the colliding atoms. This process represents a significant trap-loss
channel for a cesium MOT and, at that time, was the object of an intense experimental and
theoretical investigation in several groups and on different alkalis, in the quest for Bose-Einstein
condensation.. My experiment showed for the first time a direct evidence of the process, through
the detection of photons emitted on the cesium D1 line after a collision..

As a Marie Curie post-doctoral Fellow, I joined the group of Pierre Pillet at the Laboratoire
Aimé Cotton, There, I have been one of the principal actors of a breakthrough experiment in the
domain of cold molecules and photoassociation. We not only observed for the first time the photo-
associative processes among laser-cooled cesium atoms but, more basically, detected for the first
time ultra-cold (10 pK < T <200 pK) dimers, specifically Cs, molecules in their ground state. This
pioneering experiment, that has been the object of several press reports, influenced significantly the
cold atom community. Soon after, cold molecules have been produced also with methods other than
photoassociation (buffer gas cooling and Stark slowing) and finally also by quantum degenerate
gases. This domain is still evolving and receives much interest, expecially in the perspect of
performing fondamental high precision measurements of fundamental quantities with cold
molecules (edm, CPT violation) and of quantum computing applications. During my stay as a post-
doc, I also contributed to experiments investigating long-range interactions with cold Rydberg
atoms. This work was performed in collaboration with Tom Gallagher of the University of Virginia.

Other topics investigated either theoretically or experimentally in this period are: 1) a
theoretical work on the velocity selective coherent population trapping (VSCPT) cooling
mechanism in helium, and 2) an experimental investigation of the phenomenon of radiation
trapping in a cold atom environment, 3) an experimental work on room temperature energy-pooling
collisions, and 4) the realization of optical tweezers for biological material.

After my postdoc I started my collaboration with Carlo Gabbanini at the [PCF-CNR in Pisa.
Making slightly change the interests in this group, that was formerly focused of photoionization
cross section measurements on cold atomic samples, I set up an experiment similar to that in Orsay,
with laser cooled rubidium atoms. This has beeen successful and has led to the first production and
detection of cold rubidium dimers. These molecules have been successively trapped in a dipolar
trap with a CO, laser, realizing one of the very few molecular traps in the world. The cold molecule
domain has remained the principle research interest of Gabbanini’s group up to date.

In recent years in Pisa one interest in my research has been the realization of nanostrucures,
obtained by the optical manipulation of an effusive neutral beam of Barium atoms. This work has
been the result of a close collaboration with the group of Ennio Arimondo and Francesco Fuso. We
have realized lithography of microstructures by patterning nonanethiol protected gold films. We had
just started to perform nanostructured depositions of barium atoms guided by an optical mask when
the experiment had to stop due to lack of funds.

From October 2004 to July 2006, in Laboratoire Aimé Cotton, I’ve been working on an



experiment aimed to produce a Bose-Einstein Condensate of cesium atoms by evaporative cooling
in a crossed optical dipole trap, produced by a Nd-YAG or a fiber lasers. This is a quite hard
experiment due to the very particular collisional properties of cesium (large two-body and three-boy
inelastic losses), which make it very difficult to condense. The idea is to collect a large sample of
cesium atoms in a big optical dipole trap and than perform forced evaporation by optically reducing
the size of the trap as well as its dept. According to the simulations we performed, the timescale of
the cesium condensation seemed very interesting (BEC obtained in less than two seconds) but
some laboratory accidents have prevented, up to now, to complete the experiment.

From July 2008 to present date I joined again the group of Pierre Pillet at the Laboratoire
Aim¢é Cotton, There, I’'m starting; within the group, a new project aimed to create an ion source for
a Focused Ion Beam machine starting from a sample of laser cooled atoms. This work is performed
in partenership with Orsay Physics company, a world leader producer of FIB machines and is
raising some interest because of it could represent a nice example of technological transfert from
research to industry and of merging of complementary expertises. Similar projects are already
underway in the Technical University of Eindhoven, in The Netherlands, and at NIST in the USA.
They started with at least a couple of years of advance with respect to us and that is why we we
elaborated an original project that is expected to produce a prototype of a “Cold-FIB” machine
within 2011. The atom chosen for this project is initially cesium, for which myself and the group
have a large expertise in laser cooling, because its reactive properties on different surfaces (Cesium,
not coming from cold atoms, is one of the element already delivered by existing FIBs but this
source shows quite bad characteristics in terms of cromaticity, focal properties and stability).
Within Pillet’s group, I’m also collaborating with Daniel Comparat on his cold molecule
experiment., that recently has achieved the vibrational cooling of the cold molecules in the lowest
(v=0) vibrational level of the singlet ground state. Forthcoming perspectives for this experiment are
the production and the trapping of cold cesium molecules in their absolute ground-state, that is to
say translationally, vibrationally and, finally rotationally cold

Teaching experience
After completing my PhD in 1995, I always shared my time between teaching and research.

At high schoool level, I have been teaching Mathematics and Physics since 1995, where 1
hold a permanent position of secondary level teacher..

At University level I have been laboratory assistant for 2 years, and teaching assistant in a
General Physics course for 3 years.

Publications
Total number of publications with peer review: n. 49

of which on international journals: n. 35

and on books n. 14

Total number of papers presented in International Conferences: n. 67
of which presented by Andrea Fioretti: n. 19

of which presented as “invited speaker”: n. 7

(detailed list of publications follows on the next page)
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C13. A. Fioretti, D. Comparat, C. Drag, B. Laburthe Tolra, C. Amiot, A. Crubellier, O. Dulieu, F. Masnou-Seeuws,
and P. Pillet: Formation of cold Cs, molecules through photoassociation, in XXI ICPEAC, "International
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