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AHoTAILlIfA

Y nmucepramiiiHiii poOOTI MpeACTaBIeH] Pe3yIbTaTH IOCTIHKEHb KUTbKOX JUKEpPET KBAHTOBOTO CBITIA
Ha OCHOBI 0araTopiBHEBHX aTOMIB.

[lo-mepiie, eKcmepuMEHTAILHO PEati30BaHO Ta YHCENbHO 3MOJIENbOBAHO JUKEpeno OioTOHIB Ha
OCHOBI PE30HAHCHOI YOTHPHXBUIBOBOI B3aEMOJIIT 3 BAKOPHCTAHHAM YOTHPhOX PiBHIB pyO111t0-87 — IBOX
HaJTOHKMX pIBHIB OCHOBHOTO CTaHy Ta [BOX 30yIKEHHX pIBHIB TOHKOi CTPyKTypH. YucenbHe
MOJICITIOBAHHS TPYHTYETHCS HA ONKCI B3a€MOJIl JIa3epPHOTO CBITIA 3 PEYOBUHOK B OJHOBUMIPHOMY
ONTHYHO TOBCTOMY CEPEIOBHINI 3 MOIBIAHMM 3aJOMIEHHSM, IO BUKOPUCTOBYE (OpMANi3M MaTpHIll
TYCTHHU Ta HaOMWDKCHHS rofating wave approximation ta Weillkopt-Wigner approximation.
Takuil miaxig m03BOJMB BIATBOPHTH B3a€EMOJIII0 0araTOpiBHEBHX aTOMIB 13 ypaxyBaHHAM MarHiTHHX
TIPIBHIB KOXKHOTO PIBHS 31 CBITIIOM OY/Ib-AKOi MOAPU3AILii Ta BUSHAYUTH MPOCTOPOBHI PO3MOJLT 1 YACOBY
EBOJIIOLIIO SIK KBAHTOBOTO CTaHY aTOMIB, TaK 1 KOMIUIEKCHUX aMILTITyA 1oniB. [l 3a0e3medyeH s MOAIMBOCTI
TPOBE/ICHHS YHMCENBHOTO MOJIEMIOBAHHS TPOTATOM PEANICTHYHOTO Yacy 3a BHKOPHCTAHHAM 3BHYAHHMX
TEPCOHATIBHIX KOMIT'IOTEPIB Iporpamy Oyno ONTHMI30BaHO METOAOM HamiBBekTopu3awii. HesBakaroun Ha Te,
0 MPU YHCETHHOMY MOJICTIOBAHHI BHKOPUCTAHO HATIBKIACHYHE HAOMIKEHHS, 33 HOTO JOTOMOTOIO
BU3HAYECHO MONSAPHU3ALINAHI XapaKTepPUCTUKH OAHOMOTOHHMX MOMIB y Jpkepeni OiQOTOHIB Ha OCHOBI
YOTHPUXBHIIBOBOT B3aEMOJIii.

[o-npyre, po3poOneHy METOAMKY BHUKOPHCTAHO NS YHCEIBHOTO MOJEMIOBAHHS KBAHTOBOTO 32
NPUPOJOK0  SIBHIIA PAMaHIBChKOI ~CymepQuyopecleHiii B TPUPIBHEBI cXeMi B  IIPOCTOPOBO
HEOTHOPIIHOMY Cepe/IOBHILI. [i pe3ysbTaTi 6y/I0 BUKOPHCTAHO VIS PO3POOKH eKCIIEPUMEHTAIBHOT CXeMH
CIIOCTEPEXKEHHS SIBHILA PAMAHIBCHKOT CynepdyopeciieHIlii B MOPOXXHUCTHX CBITIOBOJIAX, IO 3alOBHEHI
XONOJIHUMH atoMaMu pyOinito-87. Pe3ymbraTé ekcrepuMEHTaIbHUX JAOCIHIKEHb KUIBKICHO 1 SKICHO
OMUCYIOTHCS YACETBHAM E€KCTIEPUMEHTOM. 3alPONOHOBAHO TIPOCTY MOJIENb SBUIIA CyHepIyopecleHIii B
HEOJHOPITHAX CEepelIOBUINAX, SIKA TPYHTYEThCS HA KOHIEMIi eEeKTHBHOTO YMCNa aTOMIB, 3a/ISHUX Y
KOJIEKTUBHOMY BUIIPOMIHIOBaHHI 1 MOSCHIOE BC1 OCOOIMBOCTI IIHOTO SBUIIIA.

[lo-TpeTe, TEOPETHYHO MOCIIKEHO JHKEPENOo OAMHOYHMX (DOTOHIB HAa OCHOBI HEPE30HAHCHOI CXEMH 3
TPUPIBHEBAM aTOMOM y OJHOMOJOBOMY PE30HATOpI, IO CKIAMAEThCA 3 OJHOTO 11€aNbHOTO J3epKaia Ta
OJHOTO HAmiBIpo30poro. Po3BUHYTO TEOpil0 B3AEMOMI TAKOTO pe30HATOpa 3 HAIIBHECKIHYCHHHM
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OTTHOBUMIPHHM CEpPEIOBHIIEM, 1 Ha il OCHOBI MOKA3aHO, MO TaKa CXEMa JO3BOJISIE TPOCTHM CIOCOOOM
cTBOproBaTH (DOTOH OaxaHoi XBHIBOBOI (opMu 3a BUMOrow. Lle mocsATaeThcss B MEBHOMY pEXHMI
B3a€MOIi, KU 3a0e3meuye CTBOpeHHs (pOTOHA Oe3 3aceNeHHs KBAaHTOBOTO CTaHy PE30HATOPA.

KuouoBi ciioBa: kepena KBaHTOBOTO CBIT/A, OaraTopiBHEBI aTOMH, Jpkepena 0ihOoTOHIB, MOBIHHE
3aJIOMJICHHSI, TOJSPH30BAHE CBITIIO, YOTHPUXBUILOBA B3AEMOIIS, CYMEep(IyOpeCIICHIIIS.
Abstract

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
WeiBkopf-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 semi-classical 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 caviy is
unpopulated, the source can produce a photon of desired shape on demand.

Keywords: sources of quantum light, multi-level atoms, sources of biphotons, birefringence,
polarized light, four-wave mixing, superfluorescence
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Oco0ucTuil BHECOK aBTOpa AucepTaNii

ABTop ucepTallii CMIiIbHO 3 HAYKOBUM KEPIBHUKOM PO3pOOMB, CAMOCTIHO ONMTHMI3YBaB 1 3alpOrpamMyBaB
MoBot0 Python wmcenbHy Mojienp B3aeMOjIii OaraTopiBHEBMX aTOMIB 13 TIOJIEM JIOBLIBHOI MOSpH3aIlii Ta
BUKOPHMCTAB ii Ui CyNpOBOAY EKCIEPUMEHTIB 31 CTBOpEHHs jKepena OipOTOHIB Ta AOCTIKEHHS
pamaHiBcekoi  cynepduyopectieHnii. Pazom 13 HaykoBoro Tpymoro I[HCTHTYTY mNpukiagHoi (i3uKu
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Texniunoro yniBepcutery JapmmTanra aBTop OpaB y4acTh y MOCTAHOBIN Ta TEOPETUIHOMY CYIPOBOMI IUX
eKCTIEPHMEHTIB, B 00po0Il OTPUMAHKUX TAaHWX Ta iX aHani3i, B 0OTOBOPEHHI OTPUMAHHX PE3yNbTATIB 1 B
MArOTOBII MyOmikamid a0 Apyky. Ilix yac mpoBedeHHs TEOPETUHHHX MOCITIKEHb OJHOATOMHOTO
JDKepena OJMHOYHMX (DOTOHIB CIUJIBHO 3 HAyKOBOW rpynor MbkmucuumuiiHapHoi fgabopartopii KapHo
YuiBepcutery bypryHuaii aBrop OpaB ydacTh y po3poOii Teopii B3aeMOJii TPUPIBHEHMX aTOMIB 13
pe30HaTOpOM, 00rOBOPEHHI Ta aHaJI31 OTPUMAHKUX PE3YJIbTATIB 1 MATOTOBLI 10 APYKY CTATTI.
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