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Quantum optics studies the properties of light and light-matter interaction from the grounds of modern quantum mechanics. You will
learn the basic quantum concepts of photon and polariton, how one can entangle photons, and find out whether one can violate
Heisenberg principle.

The course aims at giving the students the fundamental picture of quantum optics through the basic problems solving. We will focus
on the light properties governed by the quantum nature of light, will go into the deeps of light-matter interaction, and figure out how
this interaction can be enhanced in micro- and nanoresonators. The gives overview of the main theoretical models, however the key
experimental techniques will be discussed as well.

Llenbio gaHHoOro KypCa fABNAdAeTCA 3HAaKOMCTBO CTyAeHTOB C OCHOBHbIMU MOHATUAMU KBaHTOBOW OMTUKU U paccMOoTpeHne 6a30BbIx
3apay. Mel FIOﬂ,pOGHO n3y4mm 3(,JpCbeKTbI, CBSI3aHHbIE C KBAHTOBOW npupoga ceeTa, paCcCMOTPUM MeXaHN3M B3aMMOJLEeNCTBNA CBETa C
BelweCTBOM, a TakKXXe y3HaeM KaK 3TO B3auMoencTemne MoXeT BbiTb yCcnneHo C NnoMoLbo MUKPO- N HAHOPE30OHATOPOB. B Kypce 6y£l,yT
npencTtaBJieHbl HE TOJIbKO OCHOBHbIE TeoOpeTn4Yeckmne Mmoaesin, HO TakXXe 1 KJllo4eBble 3KCNepunMeHTalJlbHble MEeTOAbI.
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Copep>xaHue Kypca
KBaHTOBasa onTukKa

CTpyKTypa Kypca

Topic Lections | Seminar
(ac.h.) (ac.h)
Part I. Light-matter interaction: semiclassical approach
1.1. Two-level system in a light field. Rabi oscillations 2
1.2. Density matrix: from general properties to a twolevel system 2
1.3. Light interaction with a three level-system 2
Part Il. Quantum properties of light
2.1. Secondary quantization of electromagnetic field 2
2.2. Fock states and coherent states 2
2.3. Quantum noise and squeezed states 2
2.4. Coherence of light and photon detection 2
Part lil. Light-matter interaction: fully quantum picture
3.1. Two-level system in a quantized field 2
3.2. Jaynes-Cummings model: polaritons 2
3.3. Spontaneous relaxation: Weiskopf-Wigner model 2
3.4. Local density of states and Purcell effect 2
3.5. Optical cavities 2
3.6. Field fluctuations and Langevin equation 2
3.7. Quantum theory of relaxation. Lindblad equation 2
3.8. Atom in a cavity. Weak and strong coupling regime 2
Additional topics
Quantum entanglement. Bell inequality. 2
Laser cooling and ultra-cold atoms 2
Fluctuations driven optical forces 2
Local field operators. Quantization of light in lossy and dispersive media 2
Jlexkuum | MpakTuk
Pasneni (:K.L:I.) I()aaK.ll.) :
YacTte |. B3anMoaelcTBMe CBeTa C BELLLECTBOM: MOJIYKJIaCCUYECKUIA NoAXon,
[lByxypoBHeBas cucTteMa B rnoJie CBETOBOM BOJIHbI 2
MaTpuua NAOTHOCTU: OT OBLLNX CBONCTB A0 ABYXYPOBHEBOW CUCTEMbI 2
B3anmopencTBme cBeTa C TPEXYPOBHEBOW CUCTEMOW 2
YacTtb Il. KBaHTOBas npupopaa ceeTta
BTopu4Hoe KBaHTOBaHWe 3/IeKTPOMarHUTHOro nosas 2
DOKOBCKUNE M KOrepeHTHble COCTOAHNSA CBeTa 2
KBaHTOBBIN LLIYM U CXKaTble COCTOAHMA 2
KorepeHTHOCTb CBeTa 1 feTeKkTupoBaHne hOTOHOB 2
YacTs Ill. B3auMopaencTBuE CBeTa C BELL,ECTBOM: KBaHTOBas KapTuHa
[lByxypoBHeBas cucTtemMa B KBaHTOBaHHOM rose 2




Mogenb [xenHca-KaMMuHrca. MonsapuToHsbl 2

CnoHTaHHas penakcauua nons: Mmogesnb Banckonda-BurHepa 2
JlokanbHasa NAOTHOCTb (POTOHHBLIX COCTOSAHUI U 3ddeKT Mapcenna 2
OnTn4yeckme pe3oHaTopsbI 2
DayKTyaLum noas n ypasHeHus JlaH>xeBeHa 2
KBaHTOBas Teopusa pesiakcauunun. YpasHeHne JinHabnana 2
ATOM B pe3oHaTope C noTepsMu: CuibHasa 1 cnabas cBA3b 2

HonosiHuTeNbHble TEMbI

KBaHTOBOe 3anyTbiBaHMe. HepaBeHcTBa benna 2
JlazepHoe oxJlaxxAeHne N yNbTpaxosnoiHble aToOMbl 2
OonTuyeckmne cuibl CBA3aHHbIE C PAYKTYauMsaMu Nons 2
JlokanbHble onepaTopbl NoasA. KBaHToOBaHWe CBeTa B cpefe C Agucnepcmen n notepsamm 2
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Monutuka oueHuBaHus

Grading policy:

The final grade is calculated based on the student’s progress in homework problem solving, oral examination grade, and score for in-
class quizzes according to the following proportions:

Maximum points for homework problem solving: 50

Maximum points for the final oral examination: 40

Maximum points for in-class quizzes: 10

Total maximum points for the course: 100

MonuTuka oueHuBaHUsA:

NTorosas oueHKa paccyMTbIBAETCA Ha OCHOBE AOMALUHWX 3afaHuiA, OLEHKN 3@ YCTHbIA 3K3aMeH U H6anioB 3a 0YHble KOHTPOJIbHbIE
paboTbl B COOTBETCTBUN CO CAEAYIOLWMMN NPONOPLINAMU:

MakcumanbHoe KonmyecTBo 6assioB 3a pelleHne JoMallHero 3agaHms: 50.

MakcrnManbHoe Kom4ecTBo 6anoB 3a UTOrOBbIN YCTHbIA dk3ameH: 40

MakcumanbHoe Konm4ecTBo 6anioB 3a O4YHble KOHTPOJIbHbIE paboTsi: 10.

ObLee MakcMabHoe KonmyecTBo 6annos 3a Kypc: 100



