KBa3unyacTuLbl B moaynposoaHuKkax / Quasiparticles in semiconductors
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Course title: Quasiparticles in semiconductors 1T
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3. KpaTkaa aHHoTaumsa (500-700 cumBOIOB, Ha NPOCTOM M

AOCTYNHOM fA3blKe):

Kypc aaeT npeacraBneHne o COBPEMEHHOM GpU3MKe 1 TeOPEeTUYECKOM ONUCAHMM KBA3UYacTUL, —
COBCTBEHHbIX BO3OYKAEHUIM — B MONYNPOBOAHMKOBbLIX CUCTEMAX. ByayT paccmoTpeHbl
KBA3M4acTULbl, OTBEYAIOLLME BO3OYKAEHUAM KPUCTAIMYECKOMN PELLETKM (aKyCTUYECKME U
onTuyeckmne GoHOHbI) M 3NEKTPOHHOMN NOACUCTEMbI (SKCUTOHbI, TPMOHBLI, MN1a3MOHbI, 6OrONOHbI),
a TaK)Ke COCTaBHble KBA3nM4acTULbI: NONAPOHbI, NONAPUTOHbI U GOHOPUTOHbI, BOZHUKAIOLLME
Npu CUIbHOM B3aMMOLENCTBUMU 31EKTPOHOB, 3KCMTOHOB, POHOHOB U GOTOHOB. Ha NeKuuax u
NPaKTUYECKUX 3aHATUAX BYAYT NPOAHANN3NPOBAHbI CMEKTPbI, CTaTUCTUKA U KUHETUKA
KBa3MyacTuL, B3aMMOALENCTBME KBa3MYacTUL, U pa3oBble Mepexoabl, onncaHa posb
KBa3myactuu, B GOPMMUPOBAHUM SNEKTPUYECKMX U ONTUYECKUX CBOMCTB NONYNPOBOAHNKOB.

Short annotation (500-700 characters, in plain and simple language):

The course introduces the modern physics and the theoretical description of quasiparticles,
that is, intrinsic excitations, in semiconductor systems. The quasiparticles corresponding to the
excitations of the crystal lattice (acoustic and optical phonons) and the electron subsystem
(excitons, trions, plasmons, bogolons), and the composite quasiparticles: polarons, polaritons
and phonoritons arising from the strong coupling of electrons, excitons, phonons, and photons
will be considered. At the lectures and practical classes we will analyze the spectra, statistics
and kinetics of quasiparticles, the interaction of quasiparticles and phase transitions, as well as
the role of quasiparticles in the formation of the electric and optical properties of
semiconductors.

5. HazBaHue nporpammbl 1 cemecTp: Pr3MKa NONYNPOBOAHUKOB, 211 ceMecTp
Study program and semester: Physics of semiconductors, 2st semester

6. [leTanbHoe onuncaHune Kypca ¢ pa3breHnem no nekumam/cemMmHapam/npakTMKam:

1 ‘ BeBoaHasa nekuma. Keasmyactmubl B NONYNPOBOAHUKAX nekumsa
[naBa 1. 9N1eKTPOHHbIe BO3OYXKAEHNA N MHOIO3/IEKTPOHHbIE KOMMJIEKCbI

2 30HHaA CTPYKTYypa NOAYNnpoBOAHMKOB. CNOXKHaA BaNleHTHaA 30Ha nexkumsa

3 PasmepHoOe KBaHTOBaHWE HOCUTENEN 3apALa B HAHOCTPYKTYpPax NPaKTUKa
4 KonebaHua aneKTpoHHOM NAOTHOCTU. MNa3MOHbI. nekumAa

5 DKCUTOHbI U TPUOHDI nekumAa

6 MpMHUMNbI ONTUYECKON OPUEHTALMN SKCUTOHOB NpPaKTUKa




7,8 | KoHaeHcaumsa bose-dMHLWTENHA SKCUTOHOB. nekuums,
3BYK B KOHAeHcaTe, 60roNoHbl NpakKTUKa

lnaBa 2. KonebaHWA KPUCTANINYECKOM peLLeTKu

9 AKycTUYECKMe N onTnyeckne GoHOHbI nekuma

10, | MexaHn3mMbl 31eKTPOH-GOHOHHOro B3auMoAencTBmA nekuums,

11 NpakKTMKa

12 | MonApoHbI nexkumsa

lnasa 3. MNonapuUToHbI

13 | BsaumogencTemne aIeKTPOMarHUTHbIX BOJIH C KonebaHnaMM nekumsa
KPUCTaNAn4ecKkon peweTku. NonaputoHsbl

14 | DKCUTOHHbIE NONAPUTOHbI B 06 BEMHbIX KpUCTaNNaX NnpakTHKa

15, | DKCUTOHHbIE NONAPUTOHbBI B CTPYKTYPaxX C MMKPOPE30HATOpPaMMU. nexkumsa,

16 | Pexxumbl cnaboi u cunbHOM CBA3N NpakKTUKa

Detailed content and structure with sectioning of lectures/seminars:

1 \ Introductory lecture. Quasiparticles in semiconductors lecture
Chapter 1. Electronic excitations and many-electron complexes
2 The band structure of semiconductors. Complex valence band lecture
3 Size quantization of charge carriers in nanostructures practice
4 Electron density fluctuations. Plasmons lecture
5 Excitons and trions lecture
6 Principles of optical orientation of excitons practice
7,8 | Condensation of Bose-Einstein excitons. lecture,
Sound in condensate, bogolons practice
Chapter 2. Vibrations of crystal lattice
9 Acoustic and optical phonons lecture
10, | Mechanims of electron-phonon interaction lecture,
11 practice
12 | Polarons lecture
Chapter 3. Polaritons
13 | The interaction of electromagnetic waves with optical phonons. lecture
Polaritons
14 | Exciton polaritons in bulk crystals practice
15, | Excitonic polaritons in structures with microcavities. lecture,
16 | Regimes of weak and strong coupling practice

7. PekomeHao0BaHHaA antepaTypa:

[1] A.WN. AHcenbm, BeeaeHue B dusmnky nonynposoaHukos (Mocksa, 1978).

[2] T.T. 3erps, B.W1. Nepenb, OcHoBbI dp13MKKN NoaynpoBogHMKos (Mocksa, 2009).

[3] E.L. Ivchenko, Optical spectroscopy of semiconductor nanostructures (Alpha Science, UK,
2005).

[4] N.E. NesuToB, A.B. LUNTOB, ®YyHKUMM IpUHA. 3aaaum ¢ peweHmamm (Mocksa, 2016).

8. MpeaBapuTeNbHO NPONAEHHbIE KypCbl, HEOOXOANMbBIE ONA U3YYEHUA NpegMmeTa:
dneKkTpoanHamMmmnKa, KeaHToBas mexaHuKa, CTaTucTuyeckan pusmka, Pusmka TBepaoro Tena




Course prerequisites: Electrodynamics, Quantum Mechanics, Statistical Physics, Solid State
Physics

9. Tun camocCToATE NbHbIX 3aA4aHNI (MNOXKaNynCTa, NPUNOKUTE TaKKe HECKOJIbKO NPUMEPOB):
Assignments (please, attach a couple of examples):

10. Kak oueHunBaeTca ycneBaemocCTb Mo Kypcy:

MaKcumanbHoe KonmyectTso 6annos 3a Kypc 100
MaKcumanbHoe KonmyectTso 6an10B 3a pelleHmne 3a4au 50
MaKcmMmanbHoe KonmyecTso 6anoB 3a BbICTYN/IEHME HA CEMUHApaXx 0
MaKcMmanbHoe KonmyecTBo 6a1/10B 3@ NPaKTUYECKyto paboTy 0
MaKcMmanbHoe KonmyecTBo 6an10B 32 PUHANBHbBIN YCTHbIM 9K3aMeH 50

Grading policy:

Highest final grade for the course 100
Highest final grade for the problem solving 50
Highest final grade for the talk at the seminars 0
Highest final grade for the practicum 0
Highest final grade for the final oral exam 50

11. lononHUTeibHble KOMMEHTapPUN:
Additional comments:



