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®OHJ OHEHOYHBIX CPEJACTB

CUJIBHBIE B3AUMO/JEMCTBUS



1 CemecTp

Paznen 1 IlepBblii pa3aen

1.1 KonTpoas no uroram (KHN) - 8 Heneast

AHHOTADNUA
N3zyuatorcst 6a30BbIe CHIIBHBIX B3aMMO/ICHCTBHI, a TaKXKe NCIOIb30BAHNUE TEOPUH TIOJIS I PACUETOB
(U3UIECKUX MPOIECCOB.

ABSTRACT
The course is devoted to fundamental principles of strong interactions and their application to physical
processes

1. IEJIM OCBOEHMSI YYEFHOM JUCHUIIINHBI

Lenpto mucuuminnbl «CuibHBIE B3aUMOJEHCTBUS (4acTh 2)» siBhsieTcss (opMupoBaHHE 0a30BBIX
3HAHMA O CHJIBHBIX B3aMMOACWUCTBUSIX MJIsi JAalbHEUIIETr0 WCIONb30BAHKUS B JAPYTUX OOJIACTIX
TEOPETUYECKON M SKCIIEpUMEHTaIbHOU (u3uku. OBIajieHne TEXHUYECKUMH MPUEMAMU U METOAAMU
pacuéToB (PU3NYECKUX MTPOLIECCOB.

1. PURPOSES OF THE EDUCATIONAL COURSE

The purposes of the discipline "Quantum Field Theory" is (i) formation of the basic knowledge on
strong interactions which can be used in various branches of theoretical and experimental physics, (ii)
mastering technical methods for studies of various physical processes.

2. MECTO YYEBHOM JUCIHUIIJIMHBI B CTPYKTYPE OOII BIIO

Kypc cuibHBIX B3auMOJEHCTBUN (4acTh 2) SBISETCS KypcoM Ui CHCTEMAaTHYECKOIO0 O3HAKOMIICHUS
CTYAEHTOB C COBPEMEHHBIMH IPE/ICTABICHUSAMHU B 00JIACTH B3aUMOEHCTBUS 3JIEMEHTAPHBIX YaCTHII,
co CranpmaptHoil Mojenbto. [l OCBOGHHUS JAaHHOW JAMCLUIUIMHBI OOydaromMicst OJKEeH o0sajgarh
3HAHUSAMH U YMEHUSIMH B 00beMe HECKOJIBKMX KypCOB BBICIICH HIKOJBL. B yacTHOCTH,

— HMMETh XOpOIIYyI0 MOJArOTOBKY IO PSAy MaTeMaTU4YeCKHX AWCLUIUIMH, TaKuX MaTeMaTHUYeCKuu
aHanu3, JHUHEHHas anrebpa, nuddepeHIanbHble U UHTErpajbHble ypaBHEHUs, Teopus rpynn. B
YaCTHOCTH, OOydvaromuiics IODKEH OBbITh 3HAKOM C TaKUMM MOHATHUAMH Kak psa, (QyHKIus,
(byHKIIMOHA, 10J1e, AOJKEH 001a1aTh 3HAHUAMHU JOCTaTOYHBIMU ISl pelieHus quddepeHInaabHbIX 1
UHTErpalIbHbIX YPAaBHEHUH, JOIDKEH ObITh 3HAKOM CO CHEIHAIbHBIMH M OOOOIIEHHBIMH (PYHKLUSAMH,
UMeTh 0a30BbIe 3HAHUS 110 TEOPUH TPYIII;

— oOmajmaTh 3HAHUSMU B OOBEME HE MEHbIIE CTAaHJAPTHBIX KypCOB KBAHTOBOM MEXaHUKU U
KJIACCUYECKOM 3JEKTPOJMHAMUKH, KBAHTOBOH 3JEKTPOJMHAMUKH, YMETh OIEPUPOBATh C TAKUMHU
HNOHATUSIMM KaK KBAaHTOBBIM oOmepaTop, KOMMYTALMOHHBIE COOTHOILEHHs, BOJHOBas (YyHKUUS,
KaHOHMYECKOE KBAaHTOBaHHWE, BTOPUYHOE KBaHTOBaHME, boze um depmu cTaTucTUKa, NOHUMATh
Ka4eCTBEHHOE IIOBEJCHHUE BOJIHOBBIX (DYHKIMI B 3a7aue O CBSI3aHHOM COCTOSHUM M B 3ajaye
paccestHUsI, UMeTh IpeCTaBiIeHne 00 aHAIUTUYECKUX CBOMCTBAX BOJHOBOW (DYHKIIMH B KOMITJICKCHOM
IJIOCKOCTH UMITYJIbCA U DHEPTHUH;

— MOHUMATh CYLIHOCTh AJITOPUTMHUUYECKHUX MPEANUCAHUNA U IEMOHCTPUPOBATh YMEHHE ACHCTBOBAThH B
COOTBETCTBHUH C MPEATIOKEHHBIM AJITOPUTMOM;

— UMETb HABBIKH YCTHBIX, TUCbMEHHBIX, MHCTPYMEHTAJIbHBIX BHIYUCICHUH.

2. THE COURSE IN THE EDUCATIONAL PROGRAM



The course of Strong Interactions (part 2) is a fundmental course for the systematic study of the
contemporary ideas on interactions between elementary particles and of the Standard Model in general.
To successfully complete this course, student must possess comprehensive knowledge in a few
disciplinces of the high school. In particular,

— they should be well educated in mathematics (analysis, linear algebra, differential and integral
equations, theory of groups and representations). The student must be familiar with such notions as
series, function, functional, field and must be able to solve differential and integral equations, must be
familiar with spetial and generalised functions as well as with the basic principles of the theory of
groups;

— they must complete the standard courses in Quantum Mechanics, Classical Electrodynamics?
Quantum Electrodynamics and be able to master such notions as quantum operator, commutation
relations, wave funtion, canonical quantiation, second quantisation, Bose and Fermi statistics, then
understand the qualitative behaviour of the wave functions for a bound-state problem and a scattering
problem, possess basic knowledge in analytical properties of the wave functions in the complex
momentum and energy planes;

— they must have the idea of algorithms and demonstrate the ability to follow the prescribed algorithm;
— they must possess basic abilities of various types of calculations.

4. CTPYKTYPA U COAEP)KAHUE YUYEBHOM JUCHUITJIUHBI
Kanengapuslii miian

Bunbl yueOHBIX 3aHATHH, BKITIOYAS
Neni/m CaMOCTOSTEIHLHYIO padoT
Tewma (pazmen) YO P J
Jlexumwm | [Tpaktuy. |Jlabopar. | 3amanus, | CamocT.
JUCHUTIITUHBI
(cemmunap.)| paboThl |KypcoBble | paboTa.
3aJIaHUs. paboThl

1 Beenenue B Teopuro rpyni Jlu. 1 0 0 0

BuibCOHOBCKHE JIMHUY U TIETIN

MHCcTaHTOHLI B €BKIINI0BOM 2

npoctpaHcTBe. KBaHTOBaHUE
2 teopun SAHra—Musuica meToaoM 5 6 3

(yHKIIMOHAIBHOTO UHTETpaja

IlepenopMupoBKHM Teopuu SIHra— 10 10 4 6
3 |Mmuica. AHOMaINH TEOPHH

BO3MYLICHUN

JlucriepcOHHBIE COOTHOLIEHUS 4 4 2 3
4 |\ aMIUTUTY 1.
5 |[mybokoHeynpyroe paccesHue. 4 4 4 6

KX/ na pemerkax.1/N 10 10 10 15
6 |pasnoxenne.HuskosHeprernyecka

a1 KXJ]

OO0mast TpyA0€MKOCTh 34 34 22 33

Copep:xaHue JUCUMILTUHBI (MOJyJIs), CTPYKTYPHUPOBAHHOE 110 TeMaM (pazienam)
1. Bsenenwue B Teoputo rpyni Jlu B npumeHeHun K TeopusiM Anra—Muiica
2. BunbcoHoBCKHE TMHUU U NeTiIM. CBsA3b C KaTMOPOBOUHBIMU MHBapUaHTaMu. Jlarpanxuan
teopuu SIHra—Mminca.
3. MHCTaHTOHBI B €BKJIMI0OBOM MPOCTPAHCTBE. SIBHOE pelieHue i KAIMOpOBOYHOM IpyIIIbI
SU(2). IHCTaHTOH Kak TyHHENbHBIN nporecc. DKpPMUOHHBIE HYJIEBBIE MOJIbl HA HHCTAHTOHE.



4. KsanrtoBanue Teopun SIHra—Muica MeTo oM (PyHKIIMOHATBLHOTO UHTETrpaia. Jyxu
daxneeBa—IIlomnosa.

5. TlepenopmupoBku Teopuu Aura—Muica. YpaBuenne Kannana—Cumanuuka. CBs3b MEXIY
KOHTPWICHAMU U aHOMAJIbHBIMH pa3MepHOCTAMH. beTa-()yHKIHS, COOTHOIMIECHUS MKy
KOHTPWIECHAMH.

6. JlucnepcroHHBIE COOTHOLIEHUS IS aMIIUTY 1. OnTuueckas Teopema. AHATUTHUECKUE
cBoiicTBa nossipuzannoHHoro oneparopa ¢porona B KX/I. CnexkrpanbHast JI0THOCTb.

7. T'mybokoneymnpyroe paccesiuue. @opmdakxTopsl.

8. KX/l na pemrerkax. BunbcoHOBCKOE A€MCTBUE, pa3JIOKEHNE CUIBLHOM CBS3HU. 3aKOH ILJIOIIA/IEH,
Ka3UMHPOBCKHUM CKEHIIVHT .

9. 1/N paznoxeHue.

10. AHOManuu Teopur BO3MYILEHUIN — TUBEPrEeHUIUS aKCUAJIBHOTO TOKA, CJIE]] TEH30pa SHEPIuu-
UMITYJIbCA — B a0CIIEBBIX U HEa0ECIeBBIX KATMOPOBOYHBIX TEOPHUSIX.

11. Huzkosneprerudeckast KXJI[: HapylieHre KUpaTbHOW CUMMETPUH, HU3KOIHEPTETHIECKOE
MOBE/ICHNE MAaTPUYHBIX PJIEMEHTOB, KUpalbHbIA narparmxuan. U(1) — npobnema.

N/ Forms of study
Chapter Lectures | Seminars | Practical | Homework Extra
course
Introduction to the Lie 0
1 |groups. Wilson lines and 1 0 0
loops
Instantons in Euclidean 2
space. Pathe integral
2 |quantization of the Yang- 5 6 3
Mills theory
Renormalization of the 10 10 4 6
Yang-Mills theory.
3 | Anomalies of the
perturbative series.
Dispersion relations for 4 4 2 3
4 |strong amplitudes
5 |Deep inelastic scattering 4 4 4 6
QCD on the lattice. 1/N 10 10 10 15
6 |expansion. Low-energy
QCD
Total 34 34 22 33
Contents

1. Introduction to the Lie groups in relation with Yang-Mills theories.

2. Wilson lines and loops. Relation with gauge invariants.Yang-Mills Lagrangin.

3. Instantons in Euclidean space.Explicit solution for SU(2). Instanton as a tunneling process. Fermion
zero modes on instantons.

4. Path integral quantization of the Yang-Mills theory. Faddeev-Popov ghosts.



5. Renormalization of the Yang-Mills theory. Callan—-Symanzik equation. Relation betwenn counter
terms and anomalous dimensions. Beta-function, relation between couner terms.

6. Dispersion relations for strong amplitudes. Optical theorem. Analytical properties of the
polarization operator in QCD. Spectral density.

7. Deep inelastic scattering. Form factors.

8. QCD on the lattice. Wilson action, strong coupling expansion. Area law, Casimir scaling.

9. 1/N expansion.

10. Anomalies of the perturbative series — divergency of the axial current, trace of the energy-
momentum tensor — in the abelian and non-abelian theories.

11. Low-energy QCD: chiral symmetry breaking, low-energy behaviour of matrix elements, chiral
Lagrangian. U(1) problem.

5. OBPA3OBATEJIBHBIE TEXHOJIOTI'MU

Kypc coctout U3 Tpéx paszHbix GpopM oOyueHHs: JEKIUH, CEMUHAPhI U CAaMOCTOsITeNIbHast padoTa.
Jlexuuy npoBOASTCA € UCIIOIb30BAaHUEM COBPEMEHHBIX TEXHOJIOIUH, B T.4. MyJIbTUMENIHBIX. Ha
CEMHUHAPCKUX 3aHATUAX CTYJEHTHI PEIIAOT TUIIMYHbIE 33Ja4l 110 KBAHTOBOH TEOPUH IOJIA,
IPOBOJUTCA Pa300p MpakTHUECKuX 3a1au. [IpeaycMOTpeHo HHANBU Y albHbIE U TPYIIIIOBbIE
KOHCYJIbTallM1. BO3MOXKHO AUCTaHIIMOHHOE OOLICHHE CO CTYIEHTAMHU.

6. OIEHOYHBIE CPEJACTBA JJIAA TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTHU,
MPOMEXYTOYHOM ATTECTAIIMA IO UTOI'AM OCBOEHUSA JUCHUILIAHBI 1
YYEBHO-METOJIUYECKOE OBECIIEYEHUE CAMOCTOSITEJIBHOM PABOTHI
CTYAEHTOB

Pa3zpaboTaHbl KOHTPOJBHO-U3MEPHUTEIbHBIE MaTEpHalbl JJISi KOHTPOJIL YCIEBAaeMOCTH U
OLIEHOYHBIE CPEJCTBA JUIs ATTECTAllMK T10 UTOTaM OCBOCHMS JAUCLUILINHBI (KOHTPOJIbHbBIE BONPOCHI IO

BCEM pazzienam Kypca). [IpoBoaurcs nHauBuayanbHas cjadya JOMaITHEro 3a1aHus .

7. YYEBHO-METOJAUYECKOE U THOOPMAIIMOHHOE OBECIHIEYEHUE
YYEBHOU JUCHUIIJINHBI

a) OCHOBHAA JIUTEPATVYPA:
1. [Teckun, Ulpenep. BeeneHre B KBAHTOBYIO TEOPHIO MOJIS.
2. Ninkcon, 3106ep. KBanToBas Teopust moJsi.
3 Wnnypaiin. KBanTOBast XpoMoIMHaMUKA.
4. Py6akoB. Knaccuueckue kanubpoBounsie noist. Tom 1, 2.
5. Jlanpay, JIupmmun. Teoperndeckas ¢puszuka, Tom 4 — KBaHTOBas 37€KTPOIMHAMHKA.

6) JOIIOJIHUTEJIbBHA S JIMTEPATYPA:

1. Particle Data Group. Reviews.
2. Makeenko. Brief introduction to Wilson Loops and Large N.
3. Leutwyler. A handbook of QCD. Chapter 4.

B) [IPOTPAMMHOE OBECITEYEHUE U UHTEPHET-PECYPCHI:

http://www library.mephi.ru/ ondaunorexa HUSY MUDUX

http://www.gpntb.ru/ rocynapcTBeHHas myOrYHast HAyYHO-TEXHUUECKast OnonmmorexaX
http://elibrary.ru/ 6a3a JaHHBIX HAyYHBIX CTaTeHX

8. MATEPHAJIBHO-TEXHUYECKOE OBECITIEYEHUE YYEFHOM JJUCIHUATIIAHBI

B xoze nmpoBeaeHus JEKIUil UCTIONB3YeTCsl MyJIbTUMEAUHHOE 000PYJOBaHUE.
[Iporpamma cocraBieHa B cootBeTcTBuU ¢ TpeboBanusmMu OI'OC BIIO 3+ nmo HanpapieHUsIM
IOATOTOBKH:


http://www.library.mephi.ru/
http://www.gpntb.ru/
http://elibrary.ru/

14.03.02 AnepHas pusnka ¥ TEXHOJIOTHH.

ABTOD IPOTrPaAMMEL:




Pa3znen 2 Bropoi pasaen

2.1 Konrpouab no uroram (KH) - 16 Henens

AHHOTADNUA
N3zyuatorcst 6a30BbIe CHIIBHBIX B3aMMO/ICHCTBHIA, a TAKXKe NCIOIH30BAHNUE TEOPUU TIOJS IS PACYETOB
(bu3HYECKUX MPOLIECCOB.

ABSTRACT
The course is devoted to fundamental principles of strong interactions and their application to physical
processes

1. IEJIM OCBOEHMSI YYEFHOH JUCHUIIIAHBI

Lenpto mucuuminbbl «CuibHBIE B3aUMOJEHCTBUS (4acTh 2)» siBhseTcss (opMupoBaHHEe 0a30BBIX
3HAHMA O CHJIBHBIX B3aMMOJACWUCTBHSIX MJIsi JAbHEUIIET0 WCIONb30BAHKUS B JAPYTUX OOJACTIX
TEOPETHUYECKON M SKCIepUMEHTaIbHOU (u3uku. OBlajeHne TEXHUYECKMMH MPUEMAMU U METOAaMU
pacuéToB PU3NYECKUX MTPOLIECCOB.

1. PURPOSES OF THE EDUCATIONAL COURSE

The purposes of the discipline "Quantum Field Theory" is (i) formation of the basic knowledge on
strong interactions which can be used in various branches of theoretical and experimental physics, (ii)
mastering technical methods for studies of various physical processes.

2. MECTO YYEBHOM JUCIHUIIJIMHBI B CTPYKTYPE OOII BITIO

Kypc cunbHBIX B3auMoJeHCTBUH (Y4acTh 2) SBISETCS KypcoM ISl CUCTEMATUYECKOTO O3HAKOMIICHUS
CTYJEHTOB C COBPEMEHHBIMHU IpPEICTABICHUSIMHU B 00JacTU B3aUMOJICHCTBUS 3JE€MEHTAPHBIX YaCTHII,
co CranpmaptHoil Mojenbto. [l OCBOGHUS AaHHOW AMCLUUIUIMHBI OOydaromuiicsi OJKeH olsajarh
3HAHUSMHU U YMEHUSIMH B 00beMe HECKOJIBKMX KypCOB BBICIICH HIKOJBL. B wacTHOCTH,

— HMMETh XOpOIIYI0 MOJrOTOBKY IO PSAy MaTeMaTH4YeCKHX AWCUUIUIMH, TaKuX MaTeMaTH4ecKuiu
aHanu3, JHUHEHHas anrebpa, nuddepeHIaIbHble U UHTErpajbHble ypaBHEHUs, Teopus rpynn. B
YaCTHOCTH, OOydaromuiics IO/DKEH OBbITh 3HAKOM C TaKUMM MOHATHUAMH Kak psfa, (QyHKIus,
(GyHKIIMOHA, 110J1e, AOJKEH 001a/1aTh 3HAHUAMHU JJOCTaTOYHBIMU ISl pelieHus TuddepeHInaIbHbIX 1
UHTErpalbHbIX YPAaBHEHUH, JOJDKEH ObITh 3HAKOM CO CHEIHAIbHBIMH M OOOOIIEHHBIMU (PYHKLUSAMH,
UMeTh 0a30BbIe 3HAHUS 110 TEOPUH TPYIII;

— oOmajmaTh 3HAHUSMU B OOBEME HE MEHbIIE CTAaHJAPTHBIX KypCOB KBAHTOBOM MEXaHUKU U
KJIACCUYECKOM 3JEKTPOJMHAMUKH, KBAHTOBOM 3JEKTPOJMHAMUKH, YMETh OINEpUPOBaTh C TaKUMHU
MNOHATUSIMH KaK KBAaHTOBBIM oOmepaTop, KOMMYTALMOHHBIE COOTHOILIEHHs, BOJHOBas (YyHKIUS,
KaHOHMYECKOE KBAaHTOBaHWE, BTOPUYHOE KBaHTOBaHME, boze m depmu cratucTuka, NOHMMATh
Ka4eCTBEHHOE IIOBEJICHUE BOJIHOBBIX (DYHKIMI B 3a7aue O CBSI3aHHOM COCTOSHUM M B 3ajaye
paccestHUsI, UMeTh IpeCTaBiIeHne 00 aHAIUTUYECKUX CBOMCTBAX BOJHOBOW (DYHKIIMH B KOMILJIEKCHOM
IJIOCKOCTH UMITYJIbCA U DHEPTHUH;

— MOHUMATh CYLUIHOCTb AJITOPUTMHUUYECKUX MPEANUCAHUNA U IEMOHCTPUPOBATh YMEHHE AEHCTBOBAThH B
COOTBETCTBUH C MPENTIOKEHHBIM AJITOPUTMOM;

— UMETb HABBIKH YCTHBIX, TUCbMEHHBIX, MHCTPYMEHTAJIbHBIX BHIYMCICHUM.

2. THE COURSE IN THE EDUCATIONAL PROGRAM

The course of Strong Interactions (part 2) is a fundmental course for the systematic study of the
contemporary ideas on interactions between elementary particles and of the Standard Model in general.
To successfully complete this course, student must possess comprehensive knowledge in a few
disciplinces of the high school. In particular,



— they should be well educated in mathematics (analysis, linear algebra, differential and integral
equations, theory of groups and representations). The student must be familiar with such notions as
series, function, functional, field and must be able to solve differential and integral equations, must be
familiar with spetial and generalised functions as well as with the basic principles of the theory of
groups;

— they must complete the standard courses in Quantum Mechanics, Classical Electrodynamics?
Quantum Electrodynamics and be able to master such notions as quantum operator, commutation
relations, wave funtion, canonical quantiation, second quantisation, Bose and Fermi statistics, then
understand the qualitative behaviour of the wave functions for a bound-state problem and a scattering
problem, possess basic knowledge in analytical properties of the wave functions in the complex
momentum and energy planes;

— they must have the idea of algorithms and demonstrate the ability to follow the prescribed algorithm;
— they must possess basic abilities of various types of calculations.

4. CTPYKTYPA U COJAEPKAHUE YUEBHOM IUCIUILINHBI
KasientapHblii 1axn

Bubl yueOHBIX 3aHATHIA, BKITIOYAs
0 CaMOCTOSITENIbHYIO padoT
Nen/n Tema (paznaen) YO P Y
Jlexumm | [Ipaktuy. |Jlabopar. | 3amanus, | CamocT.
JUCIIUTIAHBI
(cemuHap.)| paboThl |KypcoBble | paboTa.
3aJaHus. paboThI
1 Beenenue B Teopuro rpynn Jln. 1 0 0 0
BuiibcOHOBCKHE TUHUU U MIETIIH
WHCTaHTOHBI B €BKJINIOBOM 2
npoctpancte. KBantoBanue
2 teopuu SAHra—Musuica meToaom 5 6 3
(YHKIMOHAIBHOTO MHTETpaa
IlepenopMupoBKHM Teopuu SIHra— 10 10 4 6
3 |Muica. AHOMaIMU TEOPHUU
BO3MYIIECHUI
JlucniepcuOHHBIE COOTHOLIEHUS 4 4 2 3
4 | wist ammmaTyL.
5 |[mybokoHeynpyroe paccesHue. 4 4 4 6
KX/ na pemerkax.1/N 10 10 10 15
6 |pasnoxenune.HuskosHeprernyecka
s KX]
OO0m1ast TpyA0€MKOCTh 34 34 22 33

Copep:xaHue QUCUMILINHBI (MOJyJIs1), CTPYKTYPHPOBAHHOE 110 TEMaM (pa3zienam)

1. Bsenenwue B Teoputo rpynil JIu B npumeHeHnu kK TeopusiMm Sura—Muiica

2. BunbcoHoBckHe TMHUU U neTiI. CBsA3b ¢ KaTMOPOBOUHBIMU MHBapuaHTaMu. Jlarpanxuan
Teopuu SJHra—Mminica.

3. HHcTaHTOHBI B €BKJIMI0BOM NIPOCTPAHCTBE. SIBHOE pelIeHUE [Tl KaTMOPOBOUYHOM IPYIIITbI
SU(2). MHCcTaHTOH KaK TyHHENbHBIHN nporecc. DKpMHUOHHBIE HYJIEBbIE MOJIbl HA HHCTaHTOHE.

4. KsantoBanue teopuu SIHra—Muuica MeToJ0M (GYHKIIMOHAIBHOTO HHTErpana. Jyxu
®PanneeBa—Ilonoaa.

5. IlepenopmupoBku Teopuu SInra—Muuica. YpaBuenne Kamnana—Cumanuuka. CBs3b MEXIY
KOHTPYJICHAMHU M aHOMAJIbHBIMU Pa3MEepPHOCTSIMU. beTa-QyHKIUs, COOTHOLUICHUS MEXKIY
KOHTPYWICHAMH.



6. JlucnepcroHHBIE COOTHOLIECHUS ATl aMIIUTyA. OnTrueckas TeopeMa. AHAUTUTUYECKUE
CBOiicTBa mossipu3anoHHoro oneparopa ¢orona B KXJ[. CniekrpanbHas MI0THOCTb.

7. T'myGokoneymnpyroe paccesaue. @opmMdpakTopsbI.

8. KX/l na pemerkax. BusibcoHOBCKOE ACHCTBUE, Pa3JIOKEHNE CUIILHOM CBSI3HM. 3aKOH ILJIOMIAIEH,
Ka3UMHUPOBCKUI CKEHIJIMHT.

. 1/N paznoxenue.

10. AHOMaNMM TEOPUHU BO3MYIIEHUH — TUBEPTEHUIINS aKCHAITBHOTO TOKA, CJIE/ TEeH30pa YHEPTUH-
UMITyJIbCa — B a0eNeBbIX U HeaOelneBbIX KaTMOPOBOYHBIX TEOPHUSIX.

11. Huzkosnepreruueckas KX/I: HapylieHue kupaibHOM CUMMETPUM, HU3KOIHEPTE€TUUECKOE
MOBE/ICHUE MAaTPUIHBIX DJICMEHTOB, KUPabHBIH Harparmxuan. U(1) — mpobiema.

Nor/in Forms of study

Chapter - -
p Lectures | Seminars Practical | Homework Extra

course
Introduction to the Lie 0
1 |groups. Wilson lines and 1 0 0
loops
Instantons in Euclidean 2
space. Pathe integral
2 |quantization of the Yang- 5 6
Mills theory

Renormalization of the 10 10 4 6
Yang-Mills theory.
3 | Anomalies of the

perturbative series.

Dispersion relations for 4 4 2 3
4 [strong amplitudes

5 |Deep inelastic scattering 4 4 4 6

QCD on the lattice. 1/N 10 10 10 15
6 |€xpansion. Low-energy
QCD

Total 34 34 22 33

Contents

1. Introduction to the Lie groups in relation with Yang-Mills theories.

2. Wilson lines and loops. Relation with gauge invariants.Yang-Mills Lagrangin.

3. Instantons in Euclidean space.Explicit solution for SU(2). Instanton as a tunneling process. Fermion
zero modes on instantons.

4. Path integral quantization of the Yang-Mills theory. Faddeev-Popov ghosts.

5. Renormalization of the Yang-Mills theory. Callan—Symanzik equation. Relation betwenn counter
terms and anomalous dimensions. Beta-function, relation between couner terms.

6. Dispersion relations for strong amplitudes. Optical theorem. Analytical properties of the
polarization operator in QCD. Spectral density.

7. Deep inelastic scattering. Form factors.



8. QCD on the lattice. Wilson action, strong coupling expansion. Area law, Casimir scaling.

9. 1/N expansion.

10. Anomalies of the perturbative series — divergency of the axial current, trace of the energy-
momentum tensor — in the abelian and non-abelian theories.

11. Low-energy QCD: chiral symmetry breaking, low-energy behaviour of matrix elements, chiral
Lagrangian. U(1) problem.

5. OBPA3OBATEJBHBIE TEXHOJIOI' A

Kypc coctout u3 Tpéx pasHeix Gopm 00ydeHHS: TEKIIUHA, CEMHHAPBI U CAMOCTOSITeTIbHAS padoTa.
Jlekuu mpoBOJATCS C UCMOIB30BAaHUEM COBPEMEHHBIX TEXHOJIOTHM, B T.4. MyJIbTUMeINITHBIX. Ha
CeMI/IHapCKI/IX 3aHATUAX CTYI[CHTLI peH_IaIOT TUIIMYHBIC 3a4a4U I10 KBaHTOBOﬁ TeOpI/II/I I10JI4,
IPOBOAMTCA pa3zdop npakTudeckux 3anad. [IpeaycmMoTpeHo nHAMBUAYaIbHBIE U TPYIIIIOBBIE
KOHCYJIbTAIlMU. BO3MOXHO THCTaHIIMOHHOE OOIIEHUE CO CTYICHTAMH.

6. O EHOYHBIE CPEJACTBA AJ TEKYHEI'O KOHTPOJISA YCIIEBAEMOCTU,
MMPOMEXYTOYHOM ATTECTAIIMM IO UTOI'AM OCBOEHUS JJUCHUILJIMHBI 1
YYEBHO-METOJUYECKOE OBECIIEYEHUE CAMOCTOSITEJIbHOM PABOTBI
CTYIAEHTOB

Pa3paboTanbl KOHTPOJILHO-U3MEPUTEIbHBIE MaTepuaibl i KOHTPOJSl YCHEBAaEMOCTH U
OIICHOYHBIE CPEACTBA ISl ATTECTALMK 110 UTOraM OCBOEHUS AUCIUIUIMHBI (KOHTPOJIbHBIE BOIIPOCHI 110

BCEM pasaciiaMm Kypca). HpOBO,I[I/ITCSI HHAUBUAYaAJIbHAA Cla4a JOMAIIHET'O 3aJIaHUs.

7.  YUEBHO-METOJUYECKOE U UHO®OPMAIIMOHHOE OBECIIEUEHUE
YYEBHOI JUCUIUILINHBI

a) OCHOBHAA JIUTEPATYPA:
1. ITeckun, llIpenep. BBenenne B KBaHTOBYIO TEOPHIO MOJIA.
2. Wnukcown, 3106ep. KBantoBast Teopust moJis.
3 HNunpypaiin. KBanToBas XpoMoIMHaMUKa.
4. Py6axoB. Knaccuueckue kanmOpoBounble mojist. Tom 1, 2.
3. Jlannay, JIupmmu. Teopernueckas ¢puzuka, Tom 4 — KBaHTOBaSI 3JIEKTPOAUHAMUKA.

6) AOITIOJIHUTEJIbHA A JINTEPATYPA:

1. Particle Data Group. Reviews.
2. Makeenko. Brief introduction to Wilson Loops and Large N.
3. Leutwyler. A handbook of QCD. Chapter 4.

B) [[IPOTPAMMHOE OBECIIEUEHUE N UHTEPHET-PECYPCBI:
http://www.library.mephi.ru/ 6ubnuorexa HUAY MUDUX

http://www.gpntb.ru/ rocyjapcTBeHHas MyOJIu4Has HayYHO-TeXHUUYecKas onbnuoTexaX
http://elibrary.ru/ 6a3a JaHHBIX HAYYHBIX CTaTEHX

8. MATEPHAJIbHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOM JIMCIHUTIJIAHBI

B xope nmpoBeaeHMS JEKIIUH UCTIONB3YETCS MYJIbTUMEIUMHOE 000PYI0BaHNE.

[Tporpamma cocraBiena B cootBercTBuM ¢ TpeboBanusmMu OI'OC BIIO 3+ no HanpaBieHusIM
MOATOTOBKU:

14.03.02 AnepHas pusnka U TEXHOJIOTHUH.

ABTOp IpOrpaMMBL:
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AHHOTALIUA
N3ygatorcst 6a30BbIe CHIBHBIX B3aMMOJICHCTBHIH, a TAK)KE MCIOIb30BaHUE TEOPHH TOJIS ISl pacyETOB
(bu3nUecKuX MPOLECCOB.

ABSTRACT
The course is devoted to fundamental principles of strong interactions and their application to physical
processes

1. IEJIM OCBOEHMS YYEBHOM JUCHUIIJIUHBI

Henbto muctumnunbl «CuiibHBIE B3auMOJEHCTBUS (dacTh 2)» sBisiercs (hopMupoBaHHe O0a30BBIX
3HaHUW O CHUJIBHBIX B3aWMOJEWCTBUSAX JJIs JajbHEHIIero HCIOJIb30BaHUA B JIPYrHMX 00JacTix
TEOPETUYECKON U 3KclepuMeHTalbHOU (u3uku. OBlaJjeHne TEXHUYECKMMU NpUuéMaMu M METOAaMHU
pacuéToB PU3NYECKUX MPOIIECCOB.

1. PURPOSES OF THE EDUCATIONAL COURSE

The purposes of the discipline "Quantum Field Theory" is (i) formation of the basic knowledge on
strong interactions which can be used in various branches of theoretical and experimental physics, (ii)
mastering technical methods for studies of various physical processes.

2. MECTO YYEBHOM JUCIHUAILJIMHBI B CTPYKTYPE OOII BIIO

Kypc cunbHBIX B3aMMOJEHCTBUN (YacThb 2) SBISIETCS KYPCOM JUIsl CHCTEMAaTHYECKOTO O3HAKOMJICHUS
CTYZCHTOB C COBPEMEHHBIMH INPEACTABICHUSAMHI B 00JIACTH B3aUMOJACHUCTBUS 3JIEMEHTAPHBIX YaCTHII,
co CranpmaptHoil Mojenbo. J7si OCBOGHUS AaHHOW AMCUUIUIMHBI OOy4YaromMNCs IOJKEeH o0yiagaTh
3HAHUSIMM U YMEHUSMH B 00bEME HECKOJIBKMX KYPCOB BbICIIEH MIKOJIbI. B yacTHOCTH,

— HMMETh XOpOLIYI0 IOJArOTOBKY IO PSAy MAaT€MaTH4YeCKUX AWCLUIUIMH, TaKUX MaTeMaTHYECKUN
aHanu3, JHUHEHHas anrebpa, nuddepeHIraTbHble U WHTETpalIbHbIE ypaBHEHHs, TeopHus Tpynmn. B
YACTHOCTH, OOYy4YarolUiics JOJDKEH ObITh 3HAKOM C TaKUMHM MOHATHSAMU KakK pal, (QyHKOus,
(byHKLIHOHAT, [T0JIe, JOJKEH 00J1a1aTh 3HAaHUSIMU JOCTATOUYHBIMU /715 pelieHus AuddepeHuanbHbIX U
UHTETPATbHBIX YpaBHEHHMH, JOJDKEH OBITh 3HAKOM CO CHEIHAIbHBIMH M OOOOIIEHHBIMH (PYHKUIUSMH,
uMeTh 0a30Bble 3HAHUSI 110 TEOPHUH TPYIIIL;

— obnazaTh 3HAHUAMH B OOBEME HE MEHbIIE CTaHIAPTHBIX KypCOB KBAaHTOBON MEXaHUKU U
KJIACCUUYECKON 3JIEKTPOJUHAMHMKHM, KBAHTOBOW 3JEKTPOAMHAMUKH, YMETh OINEPUPOBATh C TAKHUMH
HNOHATUSIMM KaK KBaHTOBBIM ONEpaToOp, KOMMYTAIlMOHHBIE COOTHOILIEHUS, BOJHOBas (QYHKIHS,
KaHOHMYECKOe KBaHTOBaHME, BTOPUYHOE KBaHTOBaHHe, bo3ze u @Pepmu craTHCTHKA, MOHMMATh
KaueCTBEHHOE IIOBEJICHHE BOJIHOBBIX (DYHKIMII B 3a7aue O CBS3aHHOM COCTOSHUM M B 3ajaye
paccesiHMsl, UMETh MPECTaBlIeHUE 00 aHATUTUUYECKUX CBOMCTBAX BOJHOBOM (DYHKIIMH B KOMIUIEKCHON
IUIOCKOCTH UMITYJIbCA U DHEPTUH;

— IOHMMATh CYIIHOCTb AJTOPUTMUYECKUX MPEANNCAHUN U IEMOHCTPUPOBATh YMEHUE JEUCTBOBAThH B
COOTBETCTBUHU C MPEATIOKEHHBIM AITOPUTMOM;

— MMETh HaBBIKH YCTHBIX, MIMCbMEHHBIX, HHCTPYMEHTAIbHBIX BHIUMCICHUH.

2. THE COURSE IN THE EDUCATIONAL PROGRAM
The course of Strong Interactions (part 2) is a fundmental course for the systematic study of the
contemporary ideas on interactions between elementary particles and of the Standard Model in general.



To successfully complete this course, student must possess comprehensive knowledge in a few
disciplinces of the high school. In particular,

— they should be well educated in mathematics (analysis, linear algebra, differential and integral
equations, theory of groups and representations). The student must be familiar with such notions as
series, function, functional, field and must be able to solve differential and integral equations, must be
familiar with spetial and generalised functions as well as with the basic principles of the theory of
groups;

— they must complete the standard courses in Quantum Mechanics, Classical Electrodynamics?
Quantum Electrodynamics and be able to master such notions as quantum operator, commutation
relations, wave funtion, canonical quantiation, second quantisation, Bose and Fermi statistics, then
understand the qualitative behaviour of the wave functions for a bound-state problem and a scattering
problem, possess basic knowledge in analytical properties of the wave functions in the complex
momentum and energy planes;

— they must have the idea of algorithms and demonstrate the ability to follow the prescribed algorithm;
— they must possess basic abilities of various types of calculations.

4. CTPYKTYPA U COAEP)KAHUE YUEBHOM JUCHUITIUHBI
KayiennapHblii miaH

Buapl yueOHBIX 3aHATHH, BKIIIOYAs
Nen/m CaMOCTOSATEIbHYI0 paboT
Tema (pa3gen) O P Y
Jlexuuu | Ipaktuy. | Jlabopat. | 3amanus, | Camocr.
JMCUUTUTAHBI
(cemunap.) | paboTHl |KypCOBBIE | paboTa.
3aJaHusl. paboThl

1 Beenenue B Teoputo rpynn Jlu. 1 0 0 0

BuiibcOHOBCKME TUHUU U NIETIIH

WHCTaHTOHBI B €BKJIMI0BOM 2

npocrpanctse. KBaHTOBaHME
2 teopun SIara—Muruica MeToaoM 5 6 3

(yHKIIMOHAILHOTO UHTETpaja

[TepenopmupoBku Teopuu SAHra— 10 10 4 6
3 |Muica. AHOMaIMU TEOpUH

BO3MYUIEHUI

JlucniepcuOHHBIE COOTHOLICHUS 4 4 2 3
4 |gns ammaTy.
5 |[mybokoHeynpyroe paccesHue. 4 4 4 6

KX]I na pemerkax.1/N 10 10 10 15
6 |pasnoxenue.HuskosHeprernyecka

s KXJ1

OO011ast TpyA0EMKOCTb 34 34 22 33

ConeprkaHue AMCLHUIUIMHBI (MOAYIIS), CTPYKTYpUPOBAaHHOE 110 TeMaM (pasjaenam)

1. BBenenue B Teoputo rpynn JIu B mpuMeHeHuu K Teopusam Snra—Muiica

2. BunbcoHOBCKHE JIMHUU U TeTIU. CBA3b ¢ KaTMOPOBOYHBIMU MHBapHaHTaMu. JlarpanxuaH
teopuun Anra—Musuica.

3. WHCTaHTOHBI B €BKJIMIOBOM MPOCTPAHCTBE. SIBHOE pelieHue i KAIMOPOBOYHOM IpyIIIbI
SU(2). MHCTaHTOH KaK TyHHENbHBIHN nporecc. DKpMHUOHHBIE HYJIEBbIE MOJIbl HA HHCTAHTOHE.

4. KsantoBanue teopuu SIHra—Muuica MeToJJ0OM (GYHKIIMOHAIBHOIO HHTErpana. Jyxu
®dagneeBa—Ilonosa.



5. IlepenopmupoBku Teopuu Anra—Muica. YpaBHenune Kamnana—Cumanuuka. CBsizb MEXIY
KOHTPYWICHAMHU U aHOMAJIbHBIMU pa3MepHOCTSIMU. beTta-pyHKIINS, COOTHOLIEHUSI MEKTY
KOHTPUYJICHAMHU.

6. JlucnepcroHHBIE COOTHOLIEHUS s aMILIUTY 1. OnTuyeckas TeopemMa. AHATUTUYECKUE
CBOMCTBA MOJspU3anoHHOTO oneparopa Gorona B KXJI[. CriekTpaibHas TUIOTHOCTb.

7. T'myGokoneymnpyroe paccesaue. @opmM@pakTopsbI.

8. KX/l na pemerkax. BusibcoHOBCKOE ACHCTBUE, Pa3JIOKEHNE CUIILHOM CBSI3U. 3aKOH ILJIOMIAIEH,
Ka3UMHUPOBCKUI CKEHJIMHT.

9. 1/N paznoxeHue.

10. AHOManMM TEOPUHU BO3MYIIEHUHN — TUBEPTEHUIINS aKCHAIIBHOTO TOKA, CJIE/ TEH30pa YHEPTUH-
HMMITyJIbCa — B a0€JIeBBIX U HEAOEIEBBIX KATMOPOBOYHBIX TEOPHSIX.

11. Huzkosnepretuueckas KX/I: HapyleHne KupajJlbHON CUMMETPHUH, HU3KOIHEPT€TUYECKOE
MOBEJICHHE MaTPUYHBIX PJIEMEHTOB, KUpaIbHbIH Jarpamxuan. U(1) — mpoGiema.

Nor/in Forms of study
Chapter Lectures | Seminars Practical | Homework Extra
course
Introduction to the Lie 0
1 |groups. Wilson lines and 1 0 0
loops
Instantons in Euclidean 2
space. Pathe integral
2 quantization of the Yang- 5 6 3
Mills theory
Renormalization of the 10 10 4 6
Yang-Mills theory.
3 | Anomalies of the
perturbative series.
Dispersion relations for 4 4 2 3
4 |strong amplitudes
5 |Deep inelastic scattering 4 4 4 6
QCD on the lattice. 1/N 10 10 10 15
6 |expansion. Low-energy
QCD
Total 34 34 22 33
Contents

1. Introduction to the Lie groups in relation with Yang-Mills theories.

2. Wilson lines and loops. Relation with gauge invariants.Yang-Mills Lagrangin.

3. Instantons in Euclidean space.Explicit solution for SU(2). Instanton as a tunneling process. Fermion
zero modes on instantons.

4. Path integral quantization of the Yang-Mills theory. Faddeev-Popov ghosts.
5. Renormalization of the Yang-Mills theory. Callan—Symanzik equation. Relation betwenn counter
terms and anomalous dimensions. Beta-function, relation between couner terms.



6. Dispersion relations for strong amplitudes. Optical theorem. Analytical properties of the
polarization operator in QCD. Spectral density.

7. Deep inelastic scattering. Form factors.

8. QCD on the lattice. Wilson action, strong coupling expansion. Area law, Casimir scaling.

9. I/N expansion.

10. Anomalies of the perturbative series — divergency of the axial current, trace of the energy-
momentum tensor — in the abelian and non-abelian theories.

11. Low-energy QCD: chiral symmetry breaking, low-energy behaviour of matrix elements, chiral
Lagrangian. U(1) problem.

5. OBPA3OBATEJIBHBIE TEXHOJIOI' UM

Kypc coctout u3 Tpéx pasHbix Gopm 00ydeHHS: TEKIIUHA, CCMHHAPBI U CAMOCTOSITeTIbHAS padoTa.
Jlekuu mpoBOJATCS C UCMOIB30BAaHUEM COBPEMEHHBIX TEXHOJIOTHM, B T.4. MyJIbTUMeINITHBIX. Ha
CEMHUHAPCKUX 3aHATHUSIX CTYACHTHI PEIIAlOT TUTMYHBIC 3a/1a4l 110 KBAHTOBOW TEOPHH MOJIs,
IPOBOAMTCA pa3zdop NMpakTudeckux 3anad. [IpeaycmMoTpeHo HHAMBUAYAIbHBIE U TPYIIIIOBBIE
KOHCYJIbTAIlMU. BO3MOXHO THCTaHIIMOHHOE OOIIEHUE CO CTYICHTAMH.

6.  OLEHOYHBLIE CPEJCTBA JUISI TEKYILET'O KOHTPOJISI YCIEBAEMOCTH,
MPOMEKYTOUYHOM ATTECTALIUU ITO UTOT'AM OCBOEHUS JUCLHUIIJIMHBI U
YYEBHO-METO/IMYECKOE OBECIIEYEHUE CAMOCTOSITEJILHOM PABOTHI
CTYJAEHTOB

PaSpa60TaHBI KOHTpOJ'II)HO-I/I3MCpI/ITeJ'II)HI>IC MaTepI/IaJ'II)I JJIs1 KOHTpOJ'IfI ycneBaCMOCTI/I nu

OLCHOYHELIC CPpCACTBA MJIA aTTCCTALlMU 10 UTOraM OCBOCHHUA JUCHUIIIIMHBI (KOHTpOHBHLIG BOIIPOCHI 11O
BCEM pasaciiaMm Kypca). HpOBO,I[I/ITCﬂ HHAWBUAYAJIbHAA Clada JOMAIIHET'O 3aJIaHUs.

7. YYEBHO-METOAUYECKOE U TH®OOPMAIIMOHHOE OBECIIEYEHHE

YYEBHOMU JUCHUILINHBI
a) OCHOBHAA JIUTEPATYPA:
1. ITeckun, llIpenep. BBenenne B KBAaHTOBYIO TEOPHIO MOJIA.
2. Nnukcown, 3106ep. KBantoBast Teopust moJis.
3 HNunypaiin. KBanToBas XxpoMoiMHaMUKa.
4. Py6axoB. Knaccuueckue kanmOpoBounble mojist. Tom 1, 2.
3. Jlanpay, JIupmmn. Teopernueckas ¢puzuka, Tom 4 — KBaHTOBaSI DJIEKTPOAUHAMHUKA.

6) AOITIOJIHUTEJIbHA A JINTEPATYPA:

1. Particle Data Group. Reviews.
2. Makeenko. Brief introduction to Wilson Loops and Large N.
3. Leutwyler. A handbook of QCD. Chapter 4.

B) [IPOTPAMMHOE OBECIIEUEHUE N UHTEPHET-PECYPCBI:
http://www.library.mephi.ru/ 6ubnuorexa HUAY MUDUX

http://www.gpntb.ru/ rocyjapcTBeHHas MyOJu4Has HayYHO-TeXHUUYecKas onbnuorexaX
http://elibrary.ru/ 6a3a JaHHBIX HAYYHBIX CTaTEHX

8. MATEPHUAJIBHO-TEXHUYECKOE OBECITIEYEHUE YYEBHOM JUCITATIINHBI

B xoze npoBeneHus JEKIUM UCTIONB3YETCS MYJIbTUMEANITHOE 000PYyI0BaHHE.

[Tporpamma cocraBiena B cootBercTBuM ¢ TpeboBanusMu OI'OC BIIO 3+ no HanpaBieHusIM
MOATOTOBKU:

14.03.02 AnepHas pusnka ¥ TEXHOJIOTHH.


http://www.library.mephi.ru/
http://www.gpntb.ru/
http://elibrary.ru/

ABTOp IpOrpaMMBL:




