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Tommaso Petrucciani

February 11, 1992

Research grant on -Realizzazione di un gradiometro mediante atomi ultra-
freddi intrappolati- as part of the project QuantERA II ERA-NET Cofund
- Squeezing-FEnhanced Inertial Sensing SQUEIS, CUP B53C21001750002,
under the supervision of Prof. Marco Fattori

ONR-Istituto Nazionale di Ottica, Sede secondaria di SestoFiorentino

01/11/2022 - 31/01/2024

PhD in Atomic and Molecular Photozmics

4/4/2023

LENS-European Laboratory for Non-Linear Spettroscopy/Universitd degli
Studi di Firenze

Via Nelle Carrara, 1, 50019 Sesto Fiorentino FIT

01/11/2019 - 31/11/2022

Laurea Magistrale in Scienze Fisiche e Astrofisiche, curriculum Fisica della
Materia (LM-17) con la votazione 110/110 e Lode

23/10/2019

Universitd degli studi di Firenze, Polo scientifico e Tecnologico di Sesto
Fiorentino

Via Giovanni Sansone, 1, 50019 Sesto Fiorentino FI

27/12/2016-23/10/2019

Certificato percorso formativo 24 CFU- per l'acquisizione delle competen-
ze di base nelle discipline antropo-psicopedagogiche e nelle metodologie e
tecnologie didattiche

Universita degli studi di Firenze
P.zza S.Marco, 4 - 50121 Firenze
2018/2019
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Laurea di primo livello in Fisica e Astrofisica {classe L-30} con la votazione
106/110

13/12/2016

Universita degli studi di Firenze, Polo scientifico e Tecnologico di Sesto
Fiorentino

Via Giovanni Sansone, 1, 50019 Sesto Fiorentino FI

07/10/2011(immatricolato al primo anno del corso di laurea in Ingegneria
Meccanica)-13/12/2016

Diploma di Liceo Scientifico
2011

Liceo Scientifico Niccold Rodolico,
via baldovinetti, 5-7, 50100 Firenze (FI)

2007-2011
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My research activities take place in the field of trapped atom interferome-
try. The experiment I am currently working on has two main subjects,
the production of atomic Bose-Einstein Condensates of Potassium-39 and
the trapping of such atomic sample via optical lattices. Optical lattices al-
low manipulation of ultra-cold atoms in atom interferometry experiments
for the precise measurement of time, gravity, fundamental constants and
for fundamental physics tests. Optical lattices of wavelength A, created by
retro-reflecting a laser beam on a mirror, show useful stability properties,
since the lattice period is exactly A/2, so the position of the minima of the
potential depends only on the frequency. With current technologies it is pos-
sible to stabilize [requencies below the Hz level. Moreover, this configuration
is strongly immune to beam pointing instabilities, vibrations of the mirror
can be reduced and, as for the residual intensity noise, they can only induce
common-mode fluctuations of the site potentials. There is strong interest in
many of the research fields mentioned above in creating periodic potentials
with larger separations between the different sites, which is limited to frac-
tion of pm due to the available narrow-Hnewidth laser sources. With this last
statement in mind, during my PhD I developed a new type of optical lattice,
the Beat-Note-Superlattice (BNSL), which exploits the superposition of two
optical lattices with commensurate wavelengths on the same retro-reflection
mirror. This allows me to separate the atoms over arbitrary distances (in
my system 10 pm) without giving up the intrinsic stability of a setup which
includes a single optical component common to all laser beams. In the
framework of atom interferometry, I implemented the BNSL technique in
different interferometry experiments showing its flexibility. In the first one,
we used a 10pm spacing BNSL to realize a spatial Bloch oscillation interfe-
rometer which operate in presence of small external forces. When cancelling
the interatomic interactions by means of a magnetic Feshbach resonance, the
dynamics exhibits a coherence up to 1 s, demonstrating how BNSL provides
very stable potentials with a large spatial periodicity. The second interfe-
rometer relies on a multimode configuration in a harmonic trap, where the
coherent splitting and recombination of a BEC into multiple momentum
components are realized by means of Kapitza-Dirac (KD) diffraction from
a pulsed 5pum BNSL. Here the harmonic trap closes the trajectories of the
momentum components, and the BNSL pulses allow to reduce their recoil
velocity, hence the oscillation amplitude. This is important, since we need
to keep the dynamics in the harmonic region of our optical harmenic trap.
A third kind of interferometer, which is still under investigation, is based
on BEC optically trapped in array of double well potentials. To realize such
array, we exploit two collinear BNSLs with a periodicity of one twice the
other (10um and 5um). Each one of this double well represents a sensor
I can exploit to realize a Mach Zehnder interferometer. A preliminary set
of measurements, with no external perturbation applied, show correlations
between the outputs of each Mach Zehnder. Having more the one correlated
interferometer is possible to perform differential analysis between the out-
puts to subtract common noise and to realize a trapped atom gradiometer.
My most recent studies are focusing on that goal. A last series of measures
performed with our array of double wells potential concerns the possibility
to introduce repulsive interaction during the input state preparation to re-
duce the large noise we are actually observing in the measurements. This
goes in the direction of realizing non classical states (number squeezed state)
to enhance the sensitivity of the sensor beyond the standard quantum limit.
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13t European Conference on Atoms Molecules and Photons (ECAMP13),
contribution with poster

08/04/2012-12/04/2019
Italia, Firenze

International conference on quantum metrology and Sensing, IQuMS 2019,
contribution with poster

09/12/2019-13/12/2019
Francia, Parigi

52nd Conference of the European Group on Atomic Systems, EGAS 52,
contribution with talk

06/07/2021-08/07 /2021
online

FOMO 2021 — Lectures on Matter-Wave Interferometry, contribution with
talk

15/06/2021 — 22/07 /2021
online

Novel Movements for Clocks and Sensors-International online workshop
20/07/2021 - 22/07/2021
online

Community Workshop on Cold Atoms in Space
23/07/2021 - 24/07/2021

online

Palaiseau-Florence workshop on Ultracold Atoms, contribution with talk
19/04/2022 — 22/04/2022
Ttalia, Firenze

Young Atom Opticians conference (YAQ) 2022, contribution with poster
31/07/2022 ~ 05/08/2022
Germania, Stoccarda

Frontiers of Matter Wave Optics Conference (FOMQ) 2022, contribution
with poster

19/09/2022 - 23/09/2022
Italia, Trieste

International conference Quantum Sensor and tests of New Physics (QSNP),
contribution with poster

04/10/2022 — 07/10/2022
Germania, Hannover
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Internship presso laboratori della Leibnitz University Hannover-Institute of
Quantum Optics

02/10/2022 — 25/10/2022
Germania, Hannover

Innsbruck-Firenze Joint Meeting on Uliracold Atoms (InnFi), contribution
with talk

17/04/2023 - 19/10/2022
Austria, Innsbruck

h-index 2

I Nalecz, L Masi, G Ferioli, T Petrucciani, M Fattori, and J Chwedefic-
zuk. Sensitivity bounds of a spatial bloch-oscillation atom interferometer.
Physicel Review A, 102(3):033318, 2020.
https://doi.org/10.1103/PhysRevA.102.033318

Atom interferometry, cold gases in optical lattices, quantum metrology,
determination of fundamental constants

Bose-Einstein condensates
2
Q2-category PHYSICS, ATOMIC, MOLECULAR & CHEMICAL

L Masi, T Petrucciani, G Ferioli, G Semeghini, G Modugno, M Inguscio,
and M Fattori. Spatial bloch oscillations of a quantum gas in a “beat-note”
superlattice. Physical Review Letters, 127(2}:020601, 2021.
https://doi.org/10.1103/PhysRevLett.127.020601

Atom interferometry, cold gases in optical lattices
Bose-Einstein condensates

8

Ql-category PHYSICS, MULTIDISCIPLINARY

Leonardo Masi, Tommase Petrucciani, Alessia Burchianti, Chiara Fort,
Massimo Inguscio, Lorenzo Marconi, Giovanni Modugno, Niccold Preti,
Dimitrios Trypogeorgos, Marco Fattori, et al. Multimode trapped inter-
ferometer with noninteracting bose-einstein condensates. Physical Review
Research, 3(4):043188, 2021.

https://doi.org/10.1103 /PhysRevResearch.3.043188

Atom interferometry, quantum metrology

Bose-Einstein condensates

2

Ql-category PHYSICS, MULTIDISCIPLINARY

Ttaliano
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Other languages B2 English level certification (FCE examination by Cambridge Assessment
English)

Technical skills Experience in the use of: High power lasers (class 4 infrared and near in-
frared sources), Chip Tapered Amplifiers (TA} in Master Oscillator Power
Amplifier (MOPA) configuration, optical components for laser beam mo-
de shaping, optical and electro-optical devices, electronic components and
integrated circuits used in laser stabilization systems (both frequency and
intensity), photodiodes, optical cavities, optical fibers.

Computer skills Programming languages: C{GNU/Linux operating system) (good), Ma-
tlab (good), Wolfram language(Mathematica) (basic), LabVIEW (basic)
Writing: Word, WTEX

scientific software for data processing: Matlab, Mathematica
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