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1.HasBaHue: KBaHTOBaA TEOPUA MHOIMX TenN
Course title: Quantum many-body theory
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AccuUCTeHTbI:

Lecturer: Roman Polozkov
Assistants:

3. KpaTtkas aHHoTaumsa (500-700 cMMBOIOB, Ha MPOCTOM M IOCTYNHOM f3bIKe):

Kpr AaeT npeacrtaBsieHne 0 COBpeMEHHbIX METOAAX TEOPUN MHOTUX TENT U NX MTPUMEHEHUWN ONA
ONNCaHNA CTPYKTYpPbl, AUHAMUYECKUX XaAPaAKTEPUCTUK W nNpoueccoB B MHOINO4YaCTUYHbIX
CncTtemax, Taknx Kak atTombl, MOJ1IEKY/Ibl, aTOMHbIE K/1aCTepbl, HAHOCTPYKTYpPbI, TBEPAbIE TENA.

Kypc HauMHaeTcAa C pacCMOTPEHMA CUCTEM HEeB3aMMOAEMNCTBYIOWMX YacTul - OGO30HOB U
bepMMOHOB, WX CTAaTUCTUKK, a TaKXKe TPYAHOCTEM WCMNO/b30BaHMA TPaAULMOHHOM Teopuu
BO3MYLLEHUIA NpPM  Yy4yeTe B3aAMMOAENCTBMA Mexay udactmuamu. [anee obcyxaatotca
TPaAULUMOHHbIE OAHOYACTUUYHbIE MeTOoAbl, Takne Kak meton Tomaca-Pepmu, npubanxkeHue
JIOKaNbHOM MIOTHOCTK, NpubanKeHne Xaptpu-doka. bonblwoe BHUMAHWE yaeNAeTca Teopumn
dyHKUMOHaNa NAOTHOCTU, B YaCTHOCTU, NPUBAUNKEHWE NOKANbHOW MJIOTHOCTU, KaK LUMPOKO
MCNONb3yeMoli B pacyeTax MHOrO3/IeKTPOHHbIX cucTeM. B nocneaywouwen vactu Kypca
noapobHO paccMaTpmMBalOTCA MOJIEBbIe METOAbl TEOPUN MHOTUX TEN: BTOPUYHOE KBAaHTOBaHME,
npeacTaBfeHMe B3aMMOAENCTBUSA, onepaTopbl nons, pyHKUMKM FpuHa, AnarpamMmMHan TeXHMKa.
MocneaHsa 4YacCTb Kypca MNOCBALWLEHA MNPUMEHEHWUIO AMArPamMmMHON TexXHUKM DelHMaHa u
foNAcToyHa AN PacyeToB CTPYKTYPbl M MPOLLECCOB B3aUMOAEWCTBUA CUCTEM MHOTUX TeNn C
3N1eKTPOMArHUTHbIM MOJIEM U APYTMMM HYacTULLAMMU.

Short annotation (500-700 characters, in plain and simple language):
The course presents the modern methods of many-body theory and it applications to describe

the structure, dynamic properties and processes in many-particle systems like atoms,
molecules, atomic clusters, nanostructures, condensed matter.



The course starts with the consideration of the systems of independent particles — bosons and
fermions, their statistic and the difficulties of application of the traditional perturbation theory
to take into account the interaction between particles. Then the single-particle approaches like
the Thomas-Fermi method, the Local Density Approximation (LDA), the Hartree-Fock
approximation, are discussed. The essential attention is paid to the Density Functional Theory,
in particular to the LDA, which is widely used in calculations of many-electron systems. The next
part of the course considers the field theory methods in many-body theory in details: second
guantization, interaction representation, field operators, Greene functions, and diagram
technique. The part of course is devoted to the application of the Feynman and Goldstone
diagram technique to the calculations of structure and processes of interaction of many-body
systems with electromagnetic field and incident particles.

5. HasBaHue nporpammbl M cemecTp: KBaHTOBble MaTepuasnbl, TPETUl cemecTp
Study program and semester: Quantum materials, 3" semester.

6. [leTanbHoe onuncaHue Kypca ¢ pazbreHnem no nekunam/cemMmHapam/npakTMKam:

Tema Tun 3ansTuin
1 Beenenue. Cuctemsl HEB3aUMOACHCTBYIOIIUX YACTHIL Jlexuus + cemunHap
2 CrnaboneunieanbHbIe CUCTEMBI MHOTUX TEJ Jlexuwmst (2) +
cemuHap(2)
3 OpnHoYyacTUYHBIE METOJIbI B TEOPUH MHOTHUX TEJ. Jlexums (2) +
cemuHap(2)
4 ITonessle MeTOABI TEOpUU MHOTUX Tell. DyHkuus ['puna. Jlexuus (6) +
cemuHap(6)
5 [IpuMeHeHne quarpaMMHOW TEXHUKH Jlexums (4) +
cemuHap(4)
6 [Tporeccrl B3anMOIEHCTBHS € DIEKTPOMAarHUTHBIM nosieM | Jlekuus(2) +
Y IIPOLIECCHI PACCESTHUS cemuHap(2)

Detailed content and structure with sectioning of lectures/seminars:

Topic Class type
1 Introduction. Systems of independent particles: bosons and | Lecture + Seminar
fermions, and their statistic.
2 Many-body systems with weak interaction. Bose—Einstein | Lecture(2) + seminar(2)
and Fermi-Dirac statistics.
3 Single-particle approaches: Thomas-Fermi method, the Lecture(2) + seminar(2)

local density approximation (LDA), Hartree-Fock
approximation

4 Field theory methods in many-body theory: second Lecture(6) + seminar(6)
quantization, interaction representation, field operators,
Green’s functions.

5 The diagram technique. Many-body perturbation theory. Lecture(4) + seminar(4)

6 Interaction of many-body systems with electromagnetic Lecture (2) +
field. Scattering of particles. seminar(2)
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8. NpepnBapuTenbHO NPOMAEHHbIE KypCbl, HEOOX0AMMbIE AN U3yYEeHUs NpeameTa:
Course prerequisites: quantum mechanics (standard two-semester course)

9. TN camoCTOATE/IbHbIX 334aHNI (NOXKANYIACTA, NPUNONKUTE TaKKe HECKO/IbKO NPUMEPOB):
Assignments (please, attach a couple of examples): attached.

10. Kak oueHuBaeTcA ycneBaemocTb NO Kypcy:
Grading policy:

Final grade is based solely on the final exam. Solution of the homework problems is strongly
recommended to be able to solve the problems at the exam.

11. lononHUTebHble KOMMEHTaPUN:
Additional comments:



