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1. ,HOCJIiII,)KeHHH Ta YUCEJIbHE MO ECIJIIOBAHHA [IPKEPEJI CBiTJIa 3 KBAHTOBMMU BJIACTHUBOCTSIMU Ha OCHOBI

6araTopiBHEBUX aTOMIB

2. Researching and numerical modelling sources of light with quantum properties based on multi-level atoms

Pedepar:

1. Y nuceprauiiiziilt po60Ti IpeICcTaBieHi pe3ylbTaTy AOCiIPKEHb KiJIbKOX IPKepeJsl KBAaHTOBOI'O CBiTJIa HA OCHOBI

6aratopiBHeBUX aTOMiB. [Io-Tiepiue, eKCiepiMeHTaIbHO peali3oBaHO Ta YUCEIbHO 3MOJI€IbOBAHO Kepesio

6i(boTOHIB HA OCHOBI PE30HAHCHOI YOTUPUXBUJILOBOI B3a€EMO/Iii 3 BUKOPUCTAHHSIM YOTUPbOX PiBHIB py6ifii0-87 —

IBOX HaITOHKUX PiBHIB OCHOBHOTO CTaHYy Ta J1BOX 30y KEHUX PiBHiB TOHKOI CTPYKTypH. UncesabHe MOMEI0OBaHHS

rpyHTyeTbCH Ha OIMUCi BBaGMOﬂﬁ JIa3€PHOTO CBiTJIa 3 P€YOBMHOIO B O,ILHOBI/IMipHOMy OIITUYHO TOBCTOMY CepeILOBI/IHﬂ

3 [IOABiTHMM 32JIOMJIEHHSIM, 10 BUKOPUCTOBYE (pOPMali3M MaTpUlli TYCTUHY Ta HabJIMKeHH rotating wave

approximation ta WeifSkopf-Wigner approximation. Taxuii mizxiz 103BOJIUB BiTTBOPUTH B3aEMOZII0

GaraTopiBHEBUX aTOMIB i3 ypaxyBaHHSIM MarHiTHUX MiIpiBHIB KO>KHOTO PiBHS 3i CBITJIOM OYZb-5IKOi I10J1sIpU3allii Ta

BU3HAYUTU HpOCTOpOBHI?I pOBHO,U,i]I i 9aCoOBY eBO]IIOILiIO SIK KBAHTOBOT'O CTaHY aTOMiB, TaK i KOMIJIEKCHUX aMHJ’[iTy,E

noJtiB. 17151 3a6e3rned4eHHs] MO>KJINBOCTI IPOBEIeHHS YN CEIbHOTO MOJeJII0BAHHSI IIPOTSITOM PEaJIiCTUYHOrO Yacy 3a

BHMKOPHCTaHHSIM 3BUYANHUX [I€PCOHAJIbHUX KOMITIOTEPiB Iporpamy 0yJ10 OINTUMI30BaHO METOIOM



HaniBBekTopu3sauii. Hespakawouu Ha Te, 0 [PU YMCEJILHOMY MOJEJIIOBAHHI BUKOPUCTAHO HaIliBKJIACUYHE
HaOJIMKEHHS, 32 HOT0 IOMIOMOTO0I0 BU3HAYEHO IOJIIpU3aliliHi XapakTepUCTUKY OAHOPOTOHHUX IOJIB Y IKepei
6ipoTOHIB Ha OCHOBI YOTUPUXBUIILOBOI B3aemoyii. [To-gpyre, po3pobyieHy METOAUKY BUKOPMCTAHO [1JIs1 YU CEJIbHOTO
MOJIEJIIOBAaHHS KBaHTOBOT'O 33 IPUPOJIOIO SIBUIIA PaMaHiBChKOi CcynepdyopecLeHlii B TPUPiBHEBIN cxeMi B
TIPOCTOPOBO HEOIHOPIZHOMY CepeloBUII. Ii pesysbTaTu 6y10 BUKOPUCTAHO J17Isl PO3POGKM €KCIIePUMEHTAbHOT
CXEMU CIIOCTEPEKEHHSI SBUILA paMaHiBChbKOI cynepdiyopecleHIii B IOPOKHUCTUX CBITJIOBOJIAX, 110 3all0BHEHI
XOJIOIHUMU aToMaMu py6inito-87. Pe3ysbTaTu eKCliepUMEHTAIbHUX AOCIIIPKEHD KiJIbKICHO i SKiCHO OIIMCYIOThCSI
YUCEJbHUM €KCIIEPUMEHTOM. 3aITPONIOHOBAHO MIPOCTY MOJIeJIb IBuUIA cynepdyopecleHllii B HEOTHOPiTHUX
CepeloBUIIAX, SIKa [PYHTYETHCS HA KOHIEM il e(peKTUBHOTO YMCJIa ATOMIB, 33/iSTHUX Y KOJIEKTUBHOMY
BUMPOMIHIOBaHHI i OSICHIOE BCi OCOBJIMBOCTI LIbOTO siBUIA. [I0-TpeTe, TeOpeTUYHO AOCIIPKEHO IKepeso
OJMHOYHVX (DOTOHIB HA OCHOBi HEPE30HAHCHOI CX€MU 3 TPUPIBHEBUM aTOMOM Y OJJHOMOJ0BOMY PE€30HATOPI, 10
CKJIaJIA€ThCS 3 OJHOIO ieasbHOrO A3epKaja Ta OgHOr0 HaliBIIPO30POro. PO3BUHYTO TEOPito B3aeMOil TaKOro
pe30oHaTopa 3 HalliBHECKIHUEHHUM OJHOBUMIPDHUM CEepENOBUILEM, i Ha ii OCHOBI MOKa3aHO, 10 TaKa Cxema JO3BOJIsIE
IIPOCTUM CIIOCOOOM CTBOPIOBATU (POTOH 6aKaHOi XBUJIbOBOI (pOpMHU 32 BUMOTOI0. Lle mocsiraeTbcs B IEBHOMY

pexxuMi Baemogii, Ikuil 3a6esnevye CTBOPEHHS (GOTOHA 6€3 3acesIeHHS KBAHTOBOT'O CTaHy PE30HATOPA.

2. The thesis presents results of experimental, theoretical, and numerical research of several quantum light
sources based on multi-level atoms. Firstly, we experimentally implemented and numerically simulated a source of
biphotons based on resonant four-wave mixing. The source utilizes four levels of rubidium-87, including two
hyperfine levels of the ground state and two excited levels of the fine structure. The numerical simulation, based
on the equations describing the interaction between laser light and matter in a one-dimensional medium of high
optical depth and high birefringence, employs the density matrix formalism and rotating wave and Weifskopf-
Wigner approximations. This approach accurately reproduces interaction between multi-level atoms and light,
considering degeneracy by the magnetic quantum number. To enable realistic time simulations on conventional
personal computers, the simulation was optimized using the half-vectorization method. Despite utilizing
semiclassical approximation, the simulation allowed to determine polarization of the one-photon field generated
by the source of biphotons. Secondly, the proposed simulation was also used to numerically model Raman
superfluorescence in a three-level scheme within a spatially inhomogeneous medium. The simulation results were
utilized to design an experimental setup for researching Raman superfluorescence in hollow waveguides filled with
laser-cooled atoms of rubidium-87. The obtained results aligned both qualitatively and quantitatively with
experimental data. Following the experiments and numerical simulations, a simple theoretical model of
superfluorescence in inhomogeneous media was proposed. This model relies on the concept of maximal number of
atoms collectively participating in the initial superfluorescent burst, providing an explanation for all observed
properties of the phenomenon. Finally, the thesis delves into the theoretical exploration of a single-photon source
consisting of a single three-level atom coupled to a single-mode cavity, where one mirror is semi-transparent. A
theory describing the interaction between this source and a semi-infinite one-dimensional bath was developed.
This theory demonstrated that, under specific regime of interaction where quantum state of the cavity is
unpopulated, the source can produce a photon of desired shape on demand.
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