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Summary of the subject (maximum 1 page): 
 
Since the theoretical proposal [1] for creating dilute quantum droplets in ultracold atomic 
systems many experimental groups have been able to produce them using dipolar systems [2,3] 
or bosonic mixtures [4,5,6]. These droplets exhibit very classical properties like the ones found 
in water but at the same time its formation resides in the competition between classical and 
quantum fluctuations [1]. Recently, it has been proposed to study these quantum droplets in 
one-dimensional optical lattices [7,8]. This provides a very rich scenario where strongly 
correlated phases can appear and a new phase of paired quantum droplets has been observed 
[7,8]. 
 
In this work a bosonic mixture in a one-dimensional optical lattice will be explored in the 
imbalanced case. This consists in considering a different number of atoms for each species of 
the mixture. In this situation all the atoms cannot be paired and this creates a competition 
between single atoms and pairs. For increasing imbalance new phases are expected.   
 
In this work the student will learn the current techniques used to explore strongly interacting 
many-body systems in one-dimension. This includes Tensor Networks which are the current 
state of the art for simulating such systems. Furthermore, other theoretical techniques will be 
applied.   
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Additional information (if needed): 
* Required skills: Knowledge of many-body physics, computer skills  
* Miscellaneous: 


