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This thesis investigates bosonic mixtures in ultra-cold atom systems. We mainly
focus on mixtures of two bosonic twin-species trapped in optical lattices, paying
particular attention to the properties of spatial separation. The study is carried out by
means of the path-integral quantum Monte Carlo by the two-worm algorithm and by
analytical calculations where the complexity of the system allows it. The mixture
is trapped in a square optical lattice at different filling and temperature conditions.
We explore the ground-state phase diagram showing that various quantum phases
can arise depending on the interplay between intra- and inter-species interactions.
Demixed phases, characterized by spatial separation of the two species, are studied in
details determining under which conditions they can be stabilized. The influence of
temperature, filling factor and harmonic trap on phase separation is also investigated.
An interesting dependence of the degree of demixing from temperature has been
found, suggesting new ways to measure the temperature of a two-component bosonic
mixture.
We also study spatial phase separation in the simple case of a two-component
mixture in a double-well potential both numerically and by means of the Bogoliubov
approximaton. We show that even in this simple case the main features of the mixing/
demixing phase transitions are observed, and that the transition is characterized
by a spectral collapse of the energy eigenvalues reflecting the dramatic change of
algebraic structure of the model.
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				Abstract

				This thesis investigates bosonic mixtures in ultra-cold atom systems. We mainly
focus on mixtures of two bosonic twin-species trapped in optical lattices, paying
particular attention to the properties of spatial separation. The study is carried out by
means of the path-integral quantum Monte Carlo by the two-worm algorithm and by
analytical calculations where the complexity of the system allows it. The mixture
is trapped in a square optical lattice at different filling and temperature conditions.
We explore the ground-state phase diagram showing that various quantum phases
can arise depending on the interplay between intra- and inter-species interactions.
Demixed phases, characterized by spatial separation of the two species, are studied in
details determining under which conditions they can be stabilized. The influence of
temperature, filling factor and harmonic trap on phase separation is also investigated.
An interesting dependence of the degree of demixing from temperature has been
found, suggesting new ways to measure the temperature of a two-component bosonic
mixture.
We also study spatial phase separation in the simple case of a two-component
mixture in a double-well potential both numerically and by means of the Bogoliubov
approximaton. We show that even in this simple case the main features of the mixing/
demixing phase transitions are observed, and that the transition is characterized
by a spectral collapse of the energy eigenvalues reflecting the dramatic change of
algebraic structure of the model.
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					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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