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Course Description

As you know, the modern theory of fundamental physics (the "standard model of elementary particle physics") is a quantum field theory
(QFT). In addition to this central role in modern physics, quantum field theory also has many applications in pure mathematics (for
example, from it came the so-called quantum knot invariants and Gromov-Witten invariants of symplectic manifolds).

"Ordinary" quantum mechanics deals with systems with a fixed number of particles. In QFP, the objects of study are fields (not in the
sense of a "field of complex numbers", but in the sense of an "electromagnetic field"), whose elementary perturbations are analogs of
quantum mechanical particles, but can appear and disappear ("born" and "die"); at the same time, the number of degrees of freedom
turns out to be infinite.

Within the framework of this course, the basic concepts of QFT will be introduced "from scratch". The Fock space and the formalism of
operators on it, as well as the formalism of the "continuum integral" will be defined. The main example under consideration will be the
quantum scalar field theory. A scalar field in physical terminology is a field that, at the classical level, is defined by one number at each
point (i.e., in fact, its state at a given time is just a numerical function on space), unlike a vector field (an example of which, in particular, is
an electromagnetic field). However, considering the quantum theory of a scalar field (even separately, and simpler than for the Higgs field)
is in any case very useful, since it allows you to get acquainted with the apparatus and phenomena of QFT on a simpler example than
vector and spinor fields. The course will consider the "perturbation theory" (that is, in fact, a method for calculating the first orders of
smallness in a small parameter expansion) for a scalar field and describe ways to calculate various probabilities of events with particles.

AHHOTaums

Kak 13BecTHO, coBpemMeHHast Teopusi hyHaaMeHTanbHON PU3NKK («cTangapTHas MoAesb MU3UKN S1EMEHTaPHbIX YacTuL»)
npeacTasnsieT n3 cebst kBaHToByto Teoputo nons (KTI). MoMumo 3Tol LeHTpasibHOM posiv B COBPEMEHHON (DU3NKe, KBaHTOBasi Teopust
nons TaKxXe NMeeT MHOXECTBO NMPUMEHEHWI B YACTOW MaTemMaTuKe (Hanpumep, 13 Hee NPULLAN T. H. KBAaHTOBbIE NHBaPUaHTbI Y3/10B 1
VHBapuaHTbl [poMoBa-ButTeHa CUMMNIEKTUYECKNX MHOrO06pasuii).

«Ob6blYHas» KBaHTOBasi MexaHvka 3aHUMaeTCst CUCTeMaMm ¢ (PUKCUPOBaHHBLIM YnciioM Yactul. B KT o6bekTamu nayveHust sBnsoTcs
nons (He B CMbICIE «M0J1e€ KOMIMJIEKCHBIX YACES», @ B CMbIC/E «3IEKTPOMArH1UTHOE Nose»), deMeHTapHbIe BO3MYLLIEHUSI KOTOPbIX
ABNSIIOTCS aHanoraMy KBaHTOBOMEXaHNYECKUX YacTUL, HO MOTYT MOSIBASITECS U UCHE3aTb («POXKAATLCS» U «yMUPATb»); NPV 3TOM YMCIO
cTeneHer cBob6oabl OKa3blBaeTCS HECKOHEYHbIM.

B pamkax gaHHoro kypca 6yayT «c Hyns» BBegeHbl 6a3osble noHATus KTT. Bypet onpepneneHo npocTtpaHcTeo doka 1 chopmanvam
onepaTtopoB Ha HeM, a TakxXe (hopManna3m «KOHTUHYasIbHOro NHTerpana». [naBHbIM paccMmaTprBaemMbiM NpUMepoM ByaeT KBaHTOBast
Teopusi ckanspHoro nons. CkanspHoe nose B hU3NYECKON TEPMUHOSIOTMN — MOJ1e, KOTOPOE Ha KNacCUYeCKOM YPOBHE OnpeaenseTcs
OfHVIM YNCIIOM B KaXA0M TOYKe (T. €., (haKTN4YeCKM, ero COCTOSHNE B AaHHbI MOMEHT BPEMEHN — 3TO NPOCTO YncnoBas MyHKUMSA Ha
NPOCTPaHCTBE), B OT/IMYME OT BEKTOPHOIO Moss (MPUMEPOM KOTOPOro, B YaCTHOCTW, SIBNISIETCSA aneKTpomarHutHoe norne). OgHako
paccMOTPEHNE KBAHTOBOW TEOPUN CKaSIIPHOMO Mosist (Daxke B OTAENbHOCTU, U 6ofiee NpoCcTor, YeM Ans nons Xvurrca) B lo60M cnyyae
OYeHb MONEe3HO, NMOCKONbKY NMO3BOSIET MO3HAKOMUTLCS € annapaToM v sieneHusmmn KT Ha 6onee NpocTom NpuMepe, Yem BEKTOPHbIE 1
CMUHOPHbIe nonisi. B kypce 6yaeT pacCMOTpeHa «Teoprsi BO3MYLLIEHWIA» (TO €CTb, (hakTU4eCKU, CNocob BbIYVMCIEHNI NEPBbLIX MOPSOKOB
MasnocTh B PasnoXKeHuv no MasoMy napameTpy) Afsi CKanspHOro nosist U onvcaHbl Cnocobbl BbIYMCIEHNS Pa3/INYHbIX BEPOATHOCTEN
cobbITUI C YacTULaMN.
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