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Abstra
t

This do
toral thesis presents theoreti
al studies on models of experimental determi-

nation of spin 
orrelation and dete
tion of quantum entanglement of spatially separated

ele
trons of Cooper pairs.

The presented models are based on ele
tri
 
urrent 
ross 
orrelation measurements

and, simpler to perform, DC 
urrent measurements. The model based on 
urrent 
ross


orrelation measurements uses a previously analyzed in the literature system for the sepa-

ration and dete
tion of quantum entangled ele
trons. In the model based on DC 
urrent

measurements we propose a modi�
ation of a system used for experimental Cooper pair

splitting. We analyze various dete
tion te
hniques using Bell inequality tests and the

relatively new entanglement witness method, to determine whi
h is the most e�e
tive for

a given system. The system behavior is analyzed in di�erent parameter ranges to �nd the

suitable dete
tion range.

In the �rst part of the thesis we present a model system for the determination of spin


orrelation and dete
tion of quantum entanglement of Cooper pairs from 
urrent 
ross


orrelation measurement data. In this system, spatially separated quantum entangled ele
-

trons are emitted from a sour
e to two 
ondu
ting 
hannels with magneti
 dete
tors. Ea
h

dete
tor 
an measure the instantaneous 
urrent for di�erent magnetization dire
tions. By

analyzing ea
h dete
tion method we determine the minimal dete
tor e�
ien
ies ne
essary

for 
orre
t dete
tion of quantum entanglement of a Cooper pair in the singlet state based

on 
urrent 
ross 
orrelation. By proper optimization we demonstrate that under 
ertain

experimental 
onditions entanglement dete
tion is even possible with magneti
 dete
tors

of any e�
ien
y, and we determine the minimal number of 
urrent 
ross 
orrelation me-

asurements ne
essary for 
orre
t dete
tion of quantum entanglement of a Cooper pair in

the singlet state.

In the se
ond part of the thesis we present a model of the system allowing for the
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determination of spin 
orrelations and the quantum entanglement dete
tion of Cooper

pairs from DC 
urrent measurements. We analyze a Cooper pair splitter with ferroma-

gneti
 ele
trodes playing the role of magneti
 dete
tors. A super
ondu
ting ele
trode is

a natural sour
e of Cooper pairs in this system. Cooper pairs are extra
ted and split

due to the non-lo
al proximity e�e
t and the atta
hment of a double quantum dot with

a strong Coulomb repulsion on ea
h dot. We investigated the in�uen
e of the e�e
tive

ex
hange �eld related to the presen
e of the ferromagneti
 ele
trodes and their magneti-

zation 
on�gurations on the intensity of the DC 
urrent �owing in the system. For 
ertain

optimal system parameter values the 
omplex spin dynami
s indu
ed by this ex
hange

�eld is demonstrated not to distort the measurement data on the spin 
orrelations of

ele
trons of Cooper pairs. For this system we propose methods for the determination of

spin 
orrelations and the dete
tion of quantum entanglement of Cooper pairs based on

DC 
urrent measurements. We 
ompare the ranges of appli
ability of di�erent dete
tion

methods. For ea
h dete
tion model we determine the minimal spin polarization of the

ferromagneti
 ele
trodes ne
essary for the dete
tion of quantum entanglement of Cooper

pairs. Also in this system we demonstrate the possibility of optimization for 
orre
t dete
-

tion of quantum entanglement using ferromagneti
 ele
trodes with any spin polarization.

An advantage of the presented dete
tion models over those proposed so far is their

easier experimental implementation due to the use of DC 
urrent measurements and the

redu
ed system requirements, e.g. in terms of dete
tor e�
ien
y. The proposed methods


an be used for experimental dete
tion of quantum entanglement of spatially separated

ele
trons of Cooper pairs, and 
ontribute to the development of the ele
troni
 te
hnology

of quantum 
omputing.


