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'lhe Einsteln, Podolsky and Roesen (BPR} parados, a thought experiment, initated
reseatel I quantam theory that led o the showeasing of properties of entanglement.
Entaigleineul, whichbas many applicatiens in geantum  feleporfation, quanten
cormmun ication and quanmm compwiaton, was investigated to explain its effects and

implicaton ol its use in superoonductivity.

In non-relativistic second quantum fosmalism, the propertics of anlangled systams ane
studied. Second quantization is a mathematical tool which deals with "many-particle”
problems it guactom theory and i3 coployed in the stady of enbmglament. The
properies of entanglement were observed in interacting aad non-inleraering harmonje
nseillaters whose properties wete applied to imteracting and mon-Interacting fermions,
bosans and electron gas, Non interacting farmaions and bosons wers looked at and he
resulting theory applied o (wo-lvelron enlangled systems.

Entinglement was observed in two-particle sub-systems of en cnsemble in which the
perticles were spalially scperated Tt thaic spin aed momeniz showed cormlaiion,

Entanglement was qrantified nsing the space-spin density metrix.

A collecidon of nen-irreraeting formions at zero temperature can be ettangled lu spin,
ouee thedr GifTerences do not excecd the mverse Fermi wave ntmber. [0 was fovnd that
hevond this Tequired distance, the entanglement between the two parfies vanished.



However, Classical Correlation may still be valid beyond the inverse Fermi wave number

distence.

At zzro and finitc low temperatures, Green's function was applied to show bat changs in
the entanglement measures, such as the concurrence, wes proportional to 7° where Tis a
finite temperature. The BCS ground state was used to obrain the two-electron space-spin
density matrix via the Green's fuaction for a Cooper pair in an s-wave superconductor.

The two-spin states were given by e Wemer state and were not of 4 spin singlet state.

In the BCS states with opposite spin (up and down), mementum catanglement of particles
at finite (emperatures was studied, The stucture of the partial transposition of the two-
particle density matrix in momentum space, along with the corresponding negativity, wus
analvzed using homogeneous states. The eigenvalues of a puarlially transposed matrix
showed that for particics with momenta slightly above a chemical potential related to the

Fermi energy, momentum entanglement was maximized.

Entaagleraent was shown for many-body fermdonic systams duc to its spin singlet slate

which was non-exjstent for busonic systens.



