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Abstract 
Tradi t ional ly,  the corre lat ion energy,  which is  def ined as the d i fference between 
the mean-f ie ld energy and that exact one, has been a measure of  the 
corre la t ions wi th in fermion ic systems. In tu i t i ve ly  makes sense s ince the 
corre lat ions energy is  interpreted as that  f ract ion of  energy that  can’t  be 
descr ibed by the non interact ing descr ipt ion.  However,  wi th the mathemat ica l  
tools coming f rom the Quantum Informat ion f ie ld,  i t  is  possib le to obta in a 
bet ter  comprehens ion of  the ro le o f  corre lat ions beyond the t rad i t iona l  
approaches. 

In th is ta lk,  I  wi l l  present some of  the resul ts that  I ’ve obta ined dur ing my PhD 
concern ing quantum corre lat ions in fermionic systems.  

Concrete ly,  I  wi l l  make use of  quant i t ies such as quantum discord and overa l l  
entropy in order to analyse the behaviour of  the corre lat ion energy for  so lvable 
a lbe i t  r ich models.  We wi l l  see that  the two orbi ta l  quantum discord can be 
easi ly  computed for  fermionic systems and i t  is  a good parameter in order to 
observe quantum phase t rans i t ions.  Last ly,  I  wi l l  present a var iat ional  method 
in order to compute the quantum discord for  fermionic systems and arb i t rary 
orb i ta l  part i t ions,  wi th some examples compar ing and analyz ing d i fferent 
g round s ta te approx imat ions such has Har t ree-Fock, Har t ree-Fock w i th 
symmetry restorat ion and Generator Coordinate Method. 
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