
Abstract

QuaDtum cofelations belong to one of the centla.} coĘcepts of quantum mechanics, and

they are especially relevant from the quantum information theory point of view. Such

correlations show how the quantum state of a subsystem of a multi-party one is closely

related to those corresponding to the remaining subsystems. In other words, mea_

surements pe brmcd on one subsystem affects the state and results of mea^suremerus

perlbrmed oĄ th€ lemaining ones' The quantum conelations can exhibit tbei]: va ou'

chaxacteristjcs and be of diferent strengths. For instance, they ca.n be of the quamum

entanglement, quantum steedng, or Bell nonlocality tvpe. Such conelations were Bub_
jects ofvalious studies devoted not orrly to qua,ntum information but also to fundaĘental

resealch conceIni[g the natule of the quantum world. Naturally, such coĘe]atrons wele

usually considered in the moclels described by the Hermitia! Hamiltodans.

Nevertheless, receutly, great attention was paid to the models assuming that the Hamil_

toĘian is not Helmitian but'exhibits the 27-symmetry' it has appeaxed that th€

Hamiltonian's hermiticity is not only one condition for obtaining its real eigenvalues.

In 1998 Bender and Boettchei {?l showed that non_hermitian Hamiltonian exhibiting

27-symmetry Ja,rr also possess rea,l eigenva.lues. Thus, presented here dissertanon

Ćonceris the topics which i[colpolate the qua,ntum corre]ations of vadous t'?es and

desc ptions with the app]ica'tion of the P7-s}'rnmetly folmalism. In pańicular, vJe

concentrate here on the studies of bipartite and tripartite pT_symmetric sy.stems in

which the ba,lance between the gain and loss of the system's energy is assumed.

In the first chaptel of the diśertation, we intloduce the concepts ol qua,ntum correla.

tiols of Ę, ous types' In pa.rticu1ar, we mention the quantum entan8lemeDt' quantum

steefing' alld Bell-type nontócdlities, pointing out the relations among thern' Addi-

tiona.lly, in that chapte!, we bresent afl introduction devoted to first_ and second_order



correlations of the electlomagnetic field. For all mentiolred in the chapter correlations.
we descrjbe the methods of thet quantification.

The second chapter is devot€d to aĘ intloduction to the topics and main ideas lelat€d to
t1re description of quaItum systeĘs by non-Helmitian Hami]tonians' primarily those ex-
hibiting 27-symmetlic propelties' When such symmetry is not bIoken' th€ eigenvalues
of such HamiltoDians are real and allow to descdbe the physical properties of consideled
mode]s. Usua]ly' the mod€ls with balanced gain and loss rclated to the intemction s.ith
€!n envilonment and other eitbrna] corrpliags are considered for srrch cases'

The rernaining pad of the dissertation is clevoted to the discussio[ of our resu]ts con-
cerring various forms of quantum correlations and relations among them fo! bi. and
tr.ipaftite Ęodels (Chapters 3 and 4, Iespectively)' Considered in those chaptem' mod-
els invoive two (three) interócting cavities. Aclditionally, w€ assume that one ol them
is excited, wherea^s anoth€T lose6 it6 enelgy. A]] consideled models are described by the
Pz-symrrietric Hami]tonia,łs' and we find the conditions for which such symmetly is
not brokeI!. We coDcentrate just on such situations and assurDe that the parameterc

describing the systerrrs ensure the ree,r values of the Han tonians. For sucb cases, we
get the palametels d€sclibing the quantu' collelations and discuss the lelatiorr' arnolg
the latter. Wetshow how such parameteN evotve in time and depend on the interactlons
betwee[ cavities and the pumping/losses strengtl

Finat]y, irr the last (fourth) chapter, we discuss the tripańite model invoMng tbree
cał'lties' As we dea] with three subsystems' we discuss not only the bipa,Ttite entan-
glemeDt but aiso its tdpadtite co\rnterpart. Additionally, we show how the additional
coupling between cavities' changing the model,s geometry from the lineał to a tliangle
onej changes the chołacteristićs of the system, including the paxaIleters describing the
corre]ations and quanturri óharacter of the model'
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