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AHHOTADNUA
N3zyuatorcst 6a30BbIe MOHATHS (PU3UKH HIEMEHTAPHBIX YaCTHIL

ABSTRACT
Examines the basic concepts of particle physics

1. IIEJIA OCBOEHUS YUYEBHOM JUCIATLINHBI

HeHﬂMI/I OCBOCHU y‘~IG6HOI\/’I JUCHUIIIMHBI  ABJIAKOTCA OBJIAaJCHHUC OCHOBHBIMHU IIOHATHAMU
(1)I/ISI/IKI/I QJICMCHTAPHBIX YaCTHIL

1. PURPOSES OF THE EDUCATIONAL COURSE
The development of the discipline are mastering the basic concepts of particle physics

2. MECTO YYEFHOM JUCHUILINHBI B CTPYKTYPE OOII BI1IO

Kypc sBasieTcss BBeIeHHEM B IIUKJI KYPCOB 110 AKCIIEPUMEHTAIBHON (PH3UKE dJIEMEHTAPHBIX YACTHII.
Jl71st ocBOCHMSI TAaHHOW JUCIUILTHHBI 00yYaOIUIACs TODKEH 00IaaTh CIeAYOIUMU 3HAHUSIMU:

- 3HanusaMH o0mel puszuku B o6beme nporpammel MUDN.

- Hauanpapivu moastusMu KBanToBoil Mexannku

- 3HaHUSAMH MaTeEMAaTHKH B 00beMe 2-X teT MUDU

- 3HaHUSIMHU TEOPUU TPy

Hucnummmna «BBenenue B PU3NKy dJIEMEHTAPHBIX YaCTUID 0a3upyeTcst Ha TUCIUTUINHAX

- O0mas dusnka

- Breienue B pM3HKY 7I€MEHTAPHBIX YACTHII

- Teopus rpynn

Hucturuimna «BBeaeHue B GU3HKY 37€MEHTAPHBIX YACTHID) SBISETCS MPOMEKYTOYHON AUCIUTLITUHOM
B I[UKJIE KyPCOB 110 YKCIIEPUMEHTAIBHON (hU3HKE.

2. THE COURSE IN THE EDUCATIONAL PROGRAM
The course is an introduction to the cycle of courses on experimental particle physics. For the
development of this discipline student should have the following knowledge:
- Knowledge of General physics in MEPhI size of the program.
- Elementary concepts of Quantum Mechanics
- Knowledge of mathematics in the amount of 2 years MEPhI
- Knowledge of group theory
The course "Introduction to physics of elementary particles 2" is based on the disciplines:
- General Physics
- Introduction to physics of elementary particles
- The theory of groups

The course "Introduction to physics of elementary particles 2" is an intermediate discipline in the cycle
of courses on experimental physics.

4. CTPYKTYPA U COJEP)KAHUE YUEBHOM JUCIUILINHBI
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ConeprxkaHue TUCHUTUIMHBI (MOYJIs), CTPYKTYPHUPOBAHHOE IO TeMaM (pa3zesiam)

Tema
1.

(O8]

Tema

SNk W=

Tema

1.BBenenue u ucropuveckuii 0030p
CrangapTHas MOJICNb AJICMEHTAPHBIX YACTHI] H €€ TIPOOJIEMBI.
YckopuTenbHble W HEYCKOPUTEIBHBIE METOJIBI HCCICAOBAHMN B (HU3UKE 3JIEMEHTAPHBIX
YaCTHII.
OCHOBHBIC YKCIIEPUMEHTAIBHBIE IICHTPBI.
O3HakoOMJICHHE C KBAPKOBBIM COCTAaBOM PAa3JIMYHBIX aJIPOHOB, PEIICHHE 3a7a4 Ha COXPaHCHHE
apoMaTOB KBapKOB B CHUJIBHBIX B3aUMOJICHCTBHUSAX UM HA COXpaHEHHUE JENTOHHOTO 3apsia B
c1a0BIX B3aNMOICHCTBHSIX.

2. 3apsiKeHHbIE JICNITOHBI.
OTKpBITHE U OCHOBHBIE CBOMCTBA.
Macca, Bpemst )KU3HU U OTHOCHTEJIBHBIE BEPOSTHOCTH paciiajia Tay-JIeTOHa.
[TpoBepka runoTessl JENTOHHON YHUBEPCATbHOCTH.
[TpakTuyeckas paboTa ¢ UCHOIB30BAHNUEM NTEPCOHATBHBIX KOMIIBIOTEPOB (HOYTOYKOB).
AHanu3 HebobIIOro 00pasiia JaHHbIX dKcriepuMeHTa bernb
O3HakOMJIEHME C METOJIOM BOCCTAHOBJICHMsI 4acTUI[ Ha IpuMepe pacnaga D-me3oHa Ha
3apspKEHHBIE KAOH M MTHOH.
Omnpezenenne napaMeTpoB CUTHANIA TIPU TIOMOIIH (GUTHPOBAHHUSL.

3. duckpernbie cummerpuu — C, P, T, CP, u CPT



Hapymenue C u P unBapuanTHOCTH.

[Tpumep BoccTaHOBIEHUS KACKQHBIX PAacIajioB.

Meroab! yiydllIeHHs pa3pelIeHUss UHBAPUAHTHOW MaCChI.

HpHMep BOCCTAaHOBJICHHA paciagoB C HeﬁTpaHBHBIMH qacTULaMH B KOHECYHOM COCTOSHUMH.
[Tpumep MOTHOTO BOCCTAHOBIIEHUS COOBITHSI.

Nk W=

Tema 4. CiekTpockonusi YapMoOHHUS.

OGHapyxeHue J/\y-4acTuIibl.

OcHOBHBIE COCTOSIHMS M KX KBAaHTOBBIE YHCIIA.

OcHOBHBIE MOJIBI pacraja.

BoccranoBneHne Tpex4yacTUYHOrO pacmnaja, 3HaKOMCTBO ¢ auarpamMmon [lanmuiia, ee CBOMCTBaMHU.
AMIIIUTY1a pe30HaHca.

BriBoa popmyiibl CBS3M MEXAYy BPEMEHEM KU3HU U IUPUHOM pe30HaHca.

O6napyxenue X(3872) W Jpyrux TSOKENIBIX COCTOSHUM YapMOHHS, TIOMCK DJK30THUYECKUX
cocrosgHuil. [loncku neHraksapka.

BriBon popmyisl it P-ueTHOCTH cucTeMbl pepMHOH-aHTH()EPMUOH.

Pemenue 3aay Ha coxpanenue P-yeTHoCTH.

Tema 5.00HapyxeHne Y-Me30HOB U UX CIIEKTPOCKOMUSI.
e OCHOBHBIE COCTOSIHUSA U UX KBAHTOBBIC YUCIIA.
e OcHOBHBIE MOJIBI pacnaja.
e OOHapyXeHHe dYK30TUYECKUX Zb-4aCTHI] U UX CBOWCTBA.
e BriBog ¢popmynsl 1t C-4€THOCTU CUCTEMBI (PepMUOH-aHTU(PEPMHUOH.
o Pemenue 3a1au Ha coxpaneHne C-4eTHOCTH.

Tema 6. O0Hapy:keHHEe 04aPOBAHHBIX YACTHIL.

CaoiictBa D-Me30HO0B

Bpemena )u3HU U OTHOCHTEILHBIC BEPOSITHOCTH paciajia.

OTKJIOHEHUS OT CIIEKTaTOPHON MOJETH.

I'MIM-Mexanu3m.

Pemenue 3a1au Ha COXpaHEeHHUE U30TOMUYECKOTO CIIMHA B CUJIIBHOM B3aUMO/ICHCTBUU.
3rakoMcTBO ¢ Tabmuiamu Knebdma-I'opiana.

H3oTOnMYecKknue COOTHOMICHUS I IIUPUH PacIiajioB.

CHeKTpOCKOIHS 09apOBAHHBIX ME30HOB M KX OCHOBHBIC CBOICTBA.
OOGHapy’KeHHe MepPBhIX BO30YKICHHBIX COCTOSIHUM 09apOBaHHBIX OAPHUOHOB.
Pemenue 3a1a4 Ha U30TONMMYECKUE COOTHOIICHHSI MKy CEUCHHSIMH PEAKIUH.
CBs13b MEXTy H30CITHHOM B C-YETHOCTBIO CHCTEMBI JIBYX 3aPsHKCHHBIX ITHOHOB.

Tema 7. O0Hapy:keHHe MPeJeCTHBIX YaCTHIl U UX OCHOBHBIE MOJIbI pacnaja.
e  Ocmmmisnuu B-me30H0B.
e CKM-marpuna.
e CBs3b MeXAY U30CTHMHOM U C-4ETHOCTHIO CHCTEMBI JIBYX 3apSKCHHBIX TMOHOB.
e CBsI3b MKy U30CITMHOM U CITHHOM JIJTS OYapPOBAHHBIX OapHOHOB.

Tema 8.00Hapy:xkenune t-kBapka, W-u Z-0030HOB.
e (poiictBa t-kBapka, W- u Z-0030HOB.
e l3oTOnMueckas MHBAPHAHTHOCTb.
e (CucreMaTHKa JIETKUX aAIPpOHOB
e CP-uHBapHaHTHOCTb U €€ HapyIlEeHHE.

Tema 9. HeiiTrpuno.



OO6Hapy:xeHue 3JIeKTPOHHOT0 HEUTPUHO, 0OHAPYKEHUE MIOOHHOTO U Tay HEUTPUHO.
bera-pacnan.

N3mepenne macchl HEUTPUHO.

W3mepeHne Macchl MEIOOHHOTO U Tay-HEUTPHUHO

W3mepenune mosgpu3aluy 3apsOKEHHBIX JIENTOHOB B Oera-pacmaje U ONpelesieHue
CIIUPATLHOCTU HEUTPUHO.

Ornpezenenne CiupaIbHOCTH Tay-HEUTPUHO.

e JIBoitHOIi OeTa pacma.

e OmnpezaeneHue Npupoasbl HEUTPUHO

e Briunciienue BeNMUMHBI BBIACTSAEMON SHEPTUU B PA3IMYHBIX TUIIAX IBOMHOrO OeTa-pacnaja.

Tema 10 Ocuunsauuu HeHTPHHO
e BrBoa Gopmyiisl uis citydasi ABYX COPTOB HEHTPHUHO.
e DKCIepUMEHTaTbHOE OOHAapy>KEHHE OCHMUIALUN HEUTPUHO OT Pa3IMYHBIX HCTOYHHKOB:
COJIHEYHBIE, pEaKTOPHBIE, aTMOC(hEpPHBIE U YCKOPUTENIbHbIE HEUTPHUHO.
® OLIEHKU Pa3HUIbl MACC HEUTPUHO B PA3IMUHBIX IKCIIEPUMEHTAX.

Tema 11 CBoiicrBa bo3ona Xurrca.

e MexaHu3MbI pOXKACHHS U pacagoB 6030Ha XUrrca.
e DkcrnepuMeHTalabHOe oOHapy)keHne 6030Ha Xurrca.
e Ponb 6030Ha Xurrca B CtannaptHoit Mojenu.

Chapter 1.Introduction and historical overview

1. The standard model of elementary particles and its problems.

2. Accelerator and non-accelerator research methods in elementary particle physics.

3. The basic experimental centers.

4. Familiarization with various quark compositions of hadrons, the solution of tasks on preservation of
the flavors of quarks in strong interactions and conservation of the lepton charge in weak interactions.

Chapter 2. Charged leptons.

1. Discovery and basic properties.

2. Mass, lifetime and branching ratio for the decay Tau-lepton.

3. Verification of the hypothesis of lepton universality.

4. Practical work using personal computers (laptops).

5. Analysis of a small sample of experimental data Belle

6. Familiarization with the method of recovery of the particles on the example of the decay of D
mesons into charged kaon and pion.

7. The definition of signal parameters with the help of fitting.

Chapter 3.Discrete symmetries — C, P, T, CP, and CPT

1. Violation of C and P invariance.

2. An example of the recovery cascade decays.

3. Methods of improving the resolution of the invariant mass.

4. Example of recovery decays with neutral particles in the final state.
5. An example of a full restoration events.

Chapter 4. Spectroscopy of charmonium.
The discovery of the Jiy-particle.

Basic States and their quantum numbers.
The main decay mode.



The restoration of the three-particle decay, familiarity with the figure Delica, its properties. The
amplitude of the resonance.

The derivation of the relationship between the lifetime and width of the resonance.

The discovery of X(3872) and other heavy States of charmonium, the search for exotic States. Search
pentaquark.

The derivation of the formula for the P-parity of a system of fermion-antifermion.

The solution of problems on the conservation of P-parity.

Chapter 5.The detection of Y'-mesons and spectroscopy.

Basic States and their quantum numbers.

The main decay mode.

The discovery of exotic Zb-particles and their properties.

The derivation of the formula for the C-parity of a system of fermion-antifermion.
The solution of problems on the conservation of C-parity.

Chapter 6. The discovery of charmed particles.

Properties of D-mesons

Times of life and relative decay probability.

Deviations from spectatorial model.

GIM-mechanism.

The solution of problems on the conservation of isoChapter spin in strong interactions.
Familiarity with tables of the Clebsch-Gordan.

IsoChapter ratios for decay widths.

Spectroscopy of charmed mesons and their basic properties.

Detection of the first excited States of charmed baryons.

The solution of tasks on isoChapter relations between the cross sections of the reactions.
The relationship between the isospin and C-parity of a system of two charged pions.

Chapter 7. The detection of pretty particles and their main decay mode.

Oscillations of b-mesons.

SCM-matrix.

The relationship between the isospin and C-parity of a system of two charged pions.
The relationship between the isospin and spin for charmed baryons.

Chapter 8.The discovery of t-quark, W - and Z bosons.
Properties of the t-quark, W - and Z bosons.
IsoChapter invariance.

Systematics of light hadrons

CP-invariance and its violation.

Chapter 9. Neutrino.

The detection of electron neutrinos, the detection of muon and Tau neutrinos.
Beta-decay.

Measurement of neutrino mass.

Measurement of the mass of the muon and Tau neutrinos

Measurement of the polarization of charged leptons in beta decay and determination of the neutrino
helicity.

Determination of the helicity of the Tau neutrino.

Double beta decay.

Determining the nature of neutrinos

Calculate the rate of emitted energy in different types of double beta decay.



Chapter 10. Neutrino Oscillations

The derivation of the formula for the case of two neutrino types.

Experimental observation of neutrino oscillations from a variety of sources: solar, reactor, atmospheric
and accelerator neutrinos.

evaluation of the difference of the neutrino masses in various experiments.

Chapter 11 Properties Of The Higgs Boson.

The mechanisms of the birth and decay of the Higgs boson.

Experimental detection of the Higgs boson.

The role of the Higgs boson in the Standard Model.

5. OBPA30OBATEJIBHBIE TEXHOJIOT'UN

Kypc coctout u3 Tpéx paszHbix Gpopm 0OyueHHs: JEKIUH, CEMUHAPHI U CAaMOCTOsITeNIbHAast padoTa.
Jlekuu TPOBOISATCS C UCIIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTHA, B T.4. MyJIbTHMEIHHHBIX. Ha
CEMUHAPCKHX 3aHATHAX CTYACHTHI PEIIAOT TUITWYHBIE 33/1a4 110 KBAHTOBOM TEOPHU IO,
IPOBOJUTCA pa300p MpakTHUECKUX 3a1au. [IpeaycMOTpeHo HHANBU Y albHbIE U TPYIIIIOBbIE
KOHCYJIbTAIlH. BO3MOXHO AUCTAaHIIMOHHOE OOIIEHNE CO CTYIEHTaMHU.

6. OIEHOYHBIE CPEJACTBA JJIAA TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTHU,
MPOMEXYTOYHOM ATTECTAIIMHA IO UTOT'AM OCBOEHUSA JJUCHUILJINHBI 1
YYEBHO-METOJUYECKOE OBECIIEUEHUE CAMOCTOSTEJbHON PABOTHI
CTYJAEHTOB

Pa3zpaboTaHbl KOHTPOJBHO-U3MEPHUTEIbHBIE MaTepHalbl IS KOHTPOJI YCIEBAaeMOCTH U
OLIEHOYHBIE CPEJCTBA JUIS ATTECTAllMU T10 UTOTAaM OCBOCHMS JAUCLUILINHBI (KOHTPOJIbHbBIE BOMPOCHI IO

BCEM pazzernam Kypca). [IpoBoaurcs nuauBuayanbHas cjadya JOMaITHEro 3a1aHus .

7. YYEBHO-METO/IUYECKOE U UH®OPMAIIMOHHOE OBECIIEYUEHUE
YYEBHOM JUCHUIIJINHBI
a) OCHOBHAA JIMUTEPATVYPA:

1. Particle Data Group, Chin.Phys. C38 (2014) 090001, http://pdg.lbl.gov/

2. JLB.Oxkynp «o B 7y ...Z» DnemeHTapHOe BBeleHHE B (DM3UKY 3IIEMEHTAPHBIX YacTHII,
MockBa «Hayka» 1985.

3. JI. b. Okynsb, JlenTons! 1 kBapku, MockBa, Hayxka (1990).

4. Particle Data Group 2012, reviews, mathematical tools, chapters: “Mesons”, “Quarks”,
“Leptons”,”Gauge and Higgs bosons”.

6) AOIIOJIHUTEJIbHA A JINTEPATYPA:

1. C. B. CemenoB, ®usuka ouapoBaHHbIX aJipoHOB, YDH 1.169, No.9 937 (1999).

2. I'.B. ITaxno.a, I[1.H. [Taxnos, C.W. Ditnensman, Dxk3oTrndeckuit yapmonuit, Y OH T. 180 225
(2010).

3. A.E. bounaps, [1.H. [Taxnos, A.O. [TonysktoB, Habmonenune CP-napyimenue B pacnanax B-
Me30HOoB, YOH 1. 177 697 (2007).

4. M.B.[lanunoB Y®H, T1.168, Ne6, c.631, (1988) « Ilouck napymenuss CP-uHBapHaHTHOCTH B
pacnanax B-me30H0B»

B) [[POT'PAMMHOE OBECINIEYEHUE U UHTEPHET-PECYPCBI:
http://www.library.mephi.ru/ 6mbauorexka HUAY MUDUX

http://www.gpntb.ru/ rocyjapcTBeHHasi MyOJIu4Hasi HayYHO-TeXHUUYecKas OnobnmmuoTrexaX
http://elibrary.ru/ 6a3a JaHHBIX HAyYHBIX CTATEHX


http://pdg.lbl.gov/
http://www.library.mephi.ru/
http://www.gpntb.ru/
http://elibrary.ru/

8. MATEPUAJIBHO-TEXHUYECKOE OBECITEYEHUE YYEBHOM JUCIATIINHBI

B xoze npoBeneHus JEKIUNA UCTIONB3YETCSA MYJIbTUMEANITHOE 000pYy10BaHHE.

[Iporpamma cocraBiena B cootBercTBruu ¢ TpedoBanusimu GI'OC BIIO 3+ no HanpasieHusm
MOATOTOBKH:

14.05.04 «DnexTpoHHKa U aBTOMATHKA (PU3NYECKUX YCTAHOBOK

14.03.02 SnepHas pu3rka U TEXHOIOTHH.

ABTOp IPOrpaMmel:
[Ipodeccop, a.¢.-M.H. HanunnoB M.B.




POHJ OHEHOYHBIX CPEJACTB

2. TUITIOBBIE KOHTPOJIBHBIE 3AJIAHUSA

JUTst olieHku 3HaHui (3), ymenuii (Y) u HaBbikoB (B)

2.1 OHEHOYHBLIE CPEJICTBA IS TEKYILEI'O KOHTPOJIA

Huxe npuBeneH nepedeHb OLIEHOYHBIX CPENICTB, UCIOIb3YyEMbIX MPU MPOBEACHUN KOHTPOJIS
YCIEBAEMOCTH CTYACHTOB.
Teopernyeckue BONPOCHL:

1. P-ueTHOCTH YacTHUIl U CUCTEM YaCTHII.

2. OtkpeiTHEe []-ME30HOB M CTpaHHbIX yacTull. M3oToTonnueckas WHBApUAHTHOCTH U
M30MYJIBTUILIETHI

3. Tlokaszars, moueMy ymoOnee mckath 11901 0-pacnang no cpaprenuto ¢ 150 pacnagom mis
OJIHOTO U TOTO K€ U30TOIA.

4. C-yetHOCTb yacTull. C-4E€THOCTH MO3UTPOHUS.

5. Otkpeitue J/[-me30Ha. CIEKTPOCKONUS ce~COCTOSIHUN

6. TeopeTnueckoe OTKPHITUE HEUTPUHO

7. OTkpbiTHE Y'-Me30Ha. CIEKTPOCKONUS bB-COCTOSHUI

8. DKCIIepUMEHTaIbHOE JOKA3aTeNIbCTBO CYIIIECTBOBAHUSI HEUTPHHO.

9.YacTuiipl ¢ OTKPBITHIM YapMOM U CHEKTPOCKOIUS C — aHTU-U CUCTEMBI (S- U P- ypoBHM)

10. Jloka3aTenbCTBO HECOXPAHEHUSI YETHOCTH B CIA0BIX B3aMMOICHCTBHIX

11. Pacianel ouapoBanHbIX yactuil. Yroi Kabu6o. Pasnuyrie Bo BpeMeHax KU3HU 04apOBaHHBIX
YaCcTHI]

12. DkcriepuMeHTaIbHOE ONpeeSieHUE CIUPAIbHOCTH HEUTPUHO

13. OtkpriTHE B-Me30Ha. U3MepeHre BpeMeHM KU3HU U MaCChl.

14. KunemaTnuecKkuii METO1 OIPEIEIE€HUS MAaCChI 3JIEKTPOHHOTO HEUTPUHO

15. Marpunia CKM. Onpenenenue 351eMeHTOB Vb

u3 pacnagos B-me3ona

16. JU2U-pacnaa. MeToapl J€TEKTUPOBAHUS.

17. Marpunia CKM. Onpenenenue 3neMeHToB Vub U3 pacnanoB B-me3ona.

18. UUUU-pacnag u Mmacca HEUTPUHO. METOIbI 1E€TEKTUPOBAHUS

19. Ocunmnsinuun HelTpaibHbIX B-Me30H0B. Onpenenenue 3nemenTa Vid

20. OcumIIsuy HEUTPUHHBIX COCTOSIHUM. CBS3b SBJICHUS C MACCOM HEUTPUHO

21.01kpeiTHE t-KBapka. OCHOBHBIE €T0 pacnajbl CMEMIMBAHUS 2-X COCTOSHUM.

22. Otkportie U u [-nenronos. M3mepenne maceol L. [Iposepka e-U-[] yHuBepcanpHOCTH B
JIENTOHHBIX pacnaaax.

23. HaGmrogeHune oCMIISIIMNA COJTHEUHBIX HEUTPUHO.

24. OcHOBHbIE MOJIbI pacnaioB Ll-nentoHa. OTHOCUTENbHAS! BEPOATHOCTh

JENTOHHBIX PacnaioB

25. Habmrogenune ocumuisiiiuii aTMOChepHBIX HEHTPUHO

26. Iloucku sx30THYecknX aapoHoB. CBoiicTBa X(3872) — kaHaUAaTa B MOJIEKYJISIPHOE COCTOSIHUE
27. HabmozeHne oCUISIIUA HEUTPHUHO OT pEakTOpoB

28. Iloucku sKk30THYECKUX aApOoHOB. CBOMCTBA Zb-UaCTHII.

34. [Ipouecchl poKIACHUS O4apOBAaHHBIX YaCTHIL

29. O6napyxenune CP-napymenus B pacragax B- Mme3oHoB

30. T-uetnocth, CPT-yeTHOCTE

31. HaGmronenne ociuyuIsIuid HEHTPUHO OT YCKOpHUTETeH

32. Cuektpockomnusi ¢ — aHTU-d cuctemsl (S- u P- ypoBHH)

33. 3oronuyeckas MNHBAPUAHTHOCTh M CUCTEMATHKA JIETKUX a/IpOHOB.



35. O6napyxenue W-u Z-0030HOB.

36. 'IM- Mmexanu3m

37. CeKTpOoCKOIus ¢ — aHTU-S CUCTEMBI (S- 1 P- ypoBHHM)
38. CpoticTBa 0030Ha Xurrca

QUESTIONS

1. R-parity of particles and systems of particles.

2. Opening [-mesons and strange particles. Isotopically invariance and ismultiple

3. To show why it is more convenient to look for [ "0 0-decay compared with(J7 - decay for
the same isotope.

4. The C-parity of the particle. The C-parity of the positronium.

5. The discovery of the J/[1-meson. Spectroscopy ce-States

6. Theoretical discovery of the neutrino

7. The discovery of the Y'-meson. Spectroscopy bb-States

8. Experimental proof of the existence of neutrinos.

9.Particles with open charm spectroscopy with anti-u system (S - and P - levels)

10. Proof of non-conservation of parity in weak interactions

11. The decays of charmed particles. Corner Of Kabiba. The difference in lifetimes of the charmed
particles

12. Experimental determination of neutrino helicity

13. Opening-meson. Measurement of the lifetime and mass.

14. The kinematic method of determining the mass of the electron neutrino

15. The CKM matrix. Definition of the elements of Vcb

from decays of b-meson

16. J020-decay. Detection methods.

17. The CKM matrix. Definition of the elements of Vub from the decay b-meson.

18. U U U-decay and neutrino mass. Detection methods

19. Oscillations of neutral b-mesons. The definition of the element Vtd

20. Oscillations of neutrino States. The connection of the phenomena with the neutrino mass
21.The opening of the t-quark. The main decays mixing 2 States.

22. Discovery of [J and U-leptons. Mass measurement of [I. Check e-[I-[] universality in lepton
decays.

23. The observation of the oscillations of solar neutrinos.

24. Essential fashion decays [I-lepton. The relative probability

lepton decays

25. The observation of oscillations of atmospheric neutrinos

26. The search for exotic hadrons. The properties of the X(3872) candidate in the molecular state
27. The observation of neutrino oscillations from reactors

28. The search for exotic hadrons. The properties of Zb-particles.

34. The process of the birth of charmed particles

29. The discovery of CP violation in the decays of b - mesons

30. T-parity, CPT-parity

31. The observation of neutrino oscillations from accelerators

32. Spectroscopy — anti-d system (S - and P - levels)

33. Isotopic invariance and systematics of light hadrons.



35. The discovery of the W and Z bosons.

36. GIM - mechanism

37. Spectroscopy — anti-s systems (S - and P - levels)
38. The properties of the Higgs boson

CocraBurenb
[Tpodeccop, a.¢.-Mm.H. Janunos M.B.
3am. 3aBeyromIero kageapoi I'paués B.M.

« » 20 T

Kpurepuu nis arrectanuu pasjiesos:

MaxkcumanbHOe KOJUYECTBO OasioB, KOTOPOE MOXET IMOJY4YUTh CTYIEHT IO pe3yJibTaTaM
aTTecTanuu Tekymeld ycmeBaemoctd, 100 OamnoB. MUHHMMaiIbHOE KOJIMYECTBO OallJIOB, KOTOPOE
HEOOXOJUMO MOJIYYUTh CTYJEHTY JJIsl aTTecTallud W Ui JIOMyCKa K cade sK3aMeHa 1o kKypcy, 50
6aJIoB.

OOmass oneHka omnpenensercs CyMMOHl OajyioB, NOJY4YEHHBIX CTYJIEHTOM Ha 3JK3aMeHe
(MUHMMaTBHOE KOMHMuYecTBO — 50 OamnoB, MakcUMallbHOE KojaudecTBO — 100 OamnoB) U Mo uUTOram

arTeCTanuun TeKymeﬁ YCIIEBAEMOCTH. Hrorosas ornenka OIMPCACIIACTCA 06HII/IM KOJIMYECTBOM OaJIIOB.



Kpurepun oO1ieit oreHKu:

KauyecTBenHast onieHKa
IIpoueHT pe3yJIbTATUBHOCTH N
HHAUBUAYAJTbHBIX 06p33OBaTeJIbeIX JOCTHUKCHHUN
(mpaBUJIBLHBIX OTBETOB) "
0as1s1 (oTMeTKa) BepOaIbHbBII aHAJIOT
90100 5 OTJINYHO
70 + 89 4 XOPOIIO
60 +~ 69 3 YAOBJIETBOPUTEIHHO
MeHee 60 2 HE YJIOBJICTBOPUTEIHHO
OueHka Ouenka ’K3aMeHa, 3a4éTa
. 7 TpedoBanns Kk 3HAHAAM Ha
JK3aMeHa, 3a4éTa (TecToBBIE HOPMBI: % MPABMIBHBIX .
YCTHOM 3a4éTe
(craHmapTHas) OTBETOB)
«OMAUYHOY, 90+ 100 % | OueHKa «OTJIMYHO» BBICTABIAETCS CTYICHTY, €CIM OH IIyOOKO M IPOYHO
A YCBOMJI TIPOTPaMMHBIH MaTepuall, HCUEpIBIBAIONIE, I10CIEOBATEIbHO,
YETKO M JIOTHYECKH CTPOWHO €ro U3JIaraeT, yMeeT TECHO YBS3bIBATh TEOPHIO
C TPaKTUKOH, HCHONB3yeT B OTBETE MaTepual MOHOrpadudeckoi
JIMTEPaTYPBL.
«xXopouioy, 70 + 89% OmeHKa «XOpOIIO» BBICTABISIETCS CTYICHTY, €CIM OH TBEPAO 3HAET
D CB Marepuan, TPaMOTHO M N0 CYyLNIeCTBY H3JaraeT ero, He JOIycKas
CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOC.
«y0061emeo- 60+ 69% OueHKa «yJOBIETBOPHUTEIIFHO» BBICTABIAECTCS CTYJCHTY, €CIM OH HMEET
DPUMenbHO» 3HaHUA TOJIBKO OCHOBHOTO MaTepHala, HO HE YCBOWJI €ro JeTaei,
E, D JIOIyCKaeT HETOYHOCTH, HEIOCTaTOYHO IpaBUIIbHbIE (HOPMYIUPOBKH,
HApyUICHUs  JIOTMYECKOW  MOCIIEJIOBATENILHOCTH B W3JI0KEHHH
IPOrPaMMHOTO MaTepHana.
«Hey0081emeo- menee 60% | OleHKa «HEYIOBICTBOPUTEIBHO» BBICTABISACTCS CTYJCHTY, KOTOPHI He
DUmenbHoy, 3HaeT 3HAUMTEIBHONM YacTH MPOrPAMMHOIO MaTepuaina, JOIyCKaeT
F cyuiecTBeHHble OomMOKM. Kak mpaBMiio, OIEHKa «HEYAOBIETBOPUTEIHHOY
CTaBHUTCSl CTYJCHTaM, KOTOpbIE HE MOTYT HPOJOJDKHTH OOydeHue Oe3
JIOTIOJIHUTENBHBIX 3aHSITHH 110 COOTBETCTBYIOIICH JUCIUILTHHE.




Pa3znen 2 Bropoi pasaen

2.1 Konrpouab no uroram (KH) - 15 Heneas

AHHOTAIUA
N3zyuatorcst 6a30BbIe MOHATHS (PU3UKH HIEMEHTAPHBIX YaCTHI

ABSTRACT
Examines the basic concepts of particle physics

1.  LEJYA OCBOEHMS YYEBHOM JUCLUAININHBI

HCHFIMI/I OCBOCHU y‘~IG6HOI\/JI JUCHUIIIMHBI ABJIAOTCA OBJIAaJCHHUC OCHOBHBIMU IIOHATHAMU
(1)I/ISI/IKI/I QJICMCHTAPHBIX YaCTHIL

1. PURPOSES OF THE EDUCATIONAL COURSE
The development of the discipline are mastering the basic concepts of particle physics

2. MECTO YYEFHOM JUCHUILINHBI B CTPYKTYPE OOII BI1IO

Kypc sBnsieTcst BBeIeHHEM B ITUKIT KYPCOB 11O AKCIIEPUMEHTAIBHON (PH3UKE dJIEMEHTAPHBIX YACTHII.
Jl71st ocBOGHMSI TaHHOW JUCIMILTAHBI 00yYaroIUiCs TODKEH 00Ia1aTh CIeAYIOIUMU 3HAHUSIMU:

- 3HaHusAMH o0mel pusuku B o6beme nporpammel MUOU.

- Hauanpapivu moastusMu KBanToBoil Mexannku

- 3HaHUSAMH MaTEMATHKH B 00beMe 2-X teT MUDU

- 3HaHUSIMHU TEOPUU TPYIIT

Hucnummna «BBenenue B PU3NKy dJIEMEHTAPHBIX YaCTUID 0a3upyeTcsl Ha TUCIUTUINHAX

- O0mas dusuka

- Bresienue B pM3HKY 271€MEHTAPHBIX YACTHII

- Teopus rpynn

Hucturumna «Beeaenue B GU3HUKY SJI€MEHTAPHBIX YACTHID) SBISETCS MPOMEKYTOYHON AUCIUTLTUHOM
B I[UKJIE KyPCOB IO YKCIIEPUMEHTAIBHON (hU3HKE.

2. THE COURSE IN THE EDUCATIONAL PROGRAM
The course is an introduction to the cycle of courses on experimental particle physics. For the
development of this discipline student should have the following knowledge:
- Knowledge of General physics in MEPhI size of the program.
- Elementary concepts of Quantum Mechanics
- Knowledge of mathematics in the amount of 2 years MEPhI
- Knowledge of group theory
The course "Introduction to physics of elementary particles 2" is based on the disciplines:
- General Physics
- Introduction to physics of elementary particles
- The theory of groups

The course "Introduction to physics of elementary particles 2" is an intermediate discipline in the cycle
of courses on experimental physics.

4. CTPYKTYPA U COAEP)KAHUE YUYEBHOM JUCHUIIJINHBI
Kanennapuplii 11aH



Nori/1n

Bupl yueOHBIX 3aHATHI, BKITIOYAs CAMOCTOSITENbHYIO paboTy

Tema (paznen)

Jlexuuu | Ilpaktuu. | JlabGopar. | 3anmanus, Camocr.
JUCHUITIINHBI

(cemunap.) | paboOTHI KypCOBBIC pabora.
3a/1aHusl. paboThl

Beenenue n

UCTOPUYECKUIA 0030p

3apsiKEHHBIE JICITOHBI

JIMCcKpeTHbIE CUMMETPHUH

N olwo

EEN S EE N I\

Crnexrpockonus
YapMOHUS

OOGHapyxeHue V- 4
ME30HOB u ux
CTIIEKTPOCKOTIHSL.
DK30THYECKHUE aJPOHBI

CBolicTBa O4YapOBaHHBIX 4
YaCTHI]

CBoiicTBa IpesIeCTHHIX 4
YaCTHI]

O6napyxenue t- 2
KBapkoB, W-u Z-
0030HOB

O6nHapyxeHue u 4
CBOMCTBA HEUTPUHO

10

Oo6napyxenue bozona 2
XWUITCa ¥ €ro CBOMCTBa

Hroro uacos 32

‘061112151 TPYJI0EMKOCTh ‘ |

CopneprkaHue AUCHUIUIMHBI (MOAYJIS), CTPYKTYPHUPOBAaHHOE IO TeMaM (pa3jaenam)

Tema
1.

(98]

Tema

SAINANF e

Tema
1.

1.BBenenue u uCTOpUYECKHUil 0030p
CrangapTHasi MOJIENb SJIEMEHTAPHBIX YACTHI] U €€ TIPOOIEMBI.
YCKOpI/ITCJII)HI)IG U HCYCKOPUTCJIBHBIC MCTOABI I/ICCJIGZIOBaHI/Iﬁ B (1)I/I3I/IKC SJICMCHTApPHBIX
YaCTHILI.
OCHOBHBIE YKCIIEPUMEHTAIbHBIE LICHTPHI.
O3HaKOMJIEHHE ¢ KBAPKOBBIM COCTaBOM Pa3IMUHBIX aJPOHOB, PELICHHUE 3a/1a4 Ha COXpPaHEHUE
apoMaToOB KBapKOB B CHUJIbHBIX B3aUMOJICHCTBHUSX W Ha COXpaHEHHUE JIENTOHHOrO 3apsja B
Ca0bIX B3aUMOJCHCTBHUSIX.

2. 3apsisKeHHbIe JIeNTOHbI.
OTKpbITHE U OCHOBHBIE CBOMCTBA.
Macca, Bpemsi )KU3HU M OTHOCHTEJIbHBIC BEPOSTHOCTH pacraja Tay-JIenToHa.
IIpoBepka rumnoressl JJIENTOHHONW YHUBEPCAIBHOCTH.
[TpakTuueckas paboTa ¢ UCIOIb30BAHUEM ITEPCOHABHBIX KOMIIBIOTEPOB (HOYTOYKOB).
Amnanu3 HebobIIoro 00pasiia JaHHBIX YKCIiepuMenTa benb
O3HaKOMJICHHE C METOJIOM BOCCTAaHOBJICHHsI YacTHI[ Ha MpuMepe pacnama D-me3oHa Ha
3apsKEHHBIE KAOH U ITHOH.
Omnpezenenre napaMeTpoB CUTHAJIA TIPU TTOMOLTH (PUTHPOBAHHUSL.

3. Juckperubie cummerpumn — C, P, T, CP, u CPT
Hapymenue C u P nHBapraHTHOCTH.



ITpumMep BOCCTaHOBIIEHHS KACKaJHBIX PACIIalOB.

MeTtoap! yydnieHus pa3peiieHns HHBApUaHTHON MacChl.

ITpumep BoccTaHOBIIEHHUS PaclaloB C HEUTPAIBbHBIMM YaCTHIIAMU B KOHEYHOM COCTOSIHHH.
[Tpumep MOIHOrO BOCCTAHOBJIEHUS COOBITHS.

nhAawh

Tema 4. CnekTpockonusi YapMoOHHUS.

OGnapy>xenue J/\y-4acTulbl.

OcHOBHBIE COCTOSIHHS M UX KBaHTOBBIC YHCIA.

OcHOBHBIE MOJIBI pacraja.

BoccranoBiieHre TpeX4yacTHUHOrO pacnaja, 3HaKOMCTBO ¢ auarpaMMmon Jlanmuviia, ee CBOMCTBaMU.
AMnuTyza pe3oHaHca.

BriBoa hopmyibl CBsI3M MEXKAY BPEMEHEM KU3HU U IIUPUHON PE30HAHCA.

Oo6napyxenne X(3872) W JApPYyrux TSOKENBIX COCTOSHUNM YapMOHUS, TIOUCK DSK30THYECKUX
coctosiHuil. [Torcku meHTakBapka.

BriBoa popmymnsl anst P-uetHOCTH crucTemMbl hepMHUOH-aHTH()EPMHOH.

Pemenue 3anaq Ha coxpanenue P-uetHocTH.

Tema 5.00HapyxeHne Y-Me30HOB U UX CIIEKTPOCKOIHSI.
e OCHOBHBIE COCTOSIHUSI M UX KBAaHTOBBIC YHCIIA.
e OcHOBHBIE MOJIBI pacrajia.
o OO0HapyXeHHe 3K30TUYECKUX Zb-4acTUIl U UX CBOICTBA.
o BrBox ¢popmyisl s C-4eTHOCTH CUCTEMBI epMUOH-aHTU()EPMUOH.
o Pemenue 3aau Ha coxpanenue C-4eTHOCTH.

Tema 6. O0HapyKeHHe 04APOBAHHBIX YaCTHII.

CsotictBa D-me30HOB

Bpemena )u3HH U OTHOCUTENIbHBIE BEPOSTHOCTH pacraja.

OTKJIOHEHHUS OT CIIEKTaTOPHON MOJIEIH.

I'MM-mMexaHu3m.

Pemenue 3a1au Ha COXpaHEHNUE U30TOMUYECKOTO CIIMHA B CUJIBHOM B3aUMOJCHCTBUU.
3nakomcTBO ¢ Tabaunamu Knebma-I"opaana.

W30TOnMYeCcKnEe COOTHOMIEHHUS [yl IIUPUH PacaoB.

CHeKTpoCKOIHs 04apOBAHHBIX ME30HOB M UX OCHOBHBIE CBOICTBA.
OOHapy:keHue MepBbIX BO30YXKIEHHBIX COCTOSTHUN 0YapOBAaHHBIX OApHOHOB.
Pemenue 3a1a4 Ha U30TONNYECKUE COOTHOILIECHUS MEXKIY CCUCHUSMHU PEAKLIMIA.
e (CBa3b MeXAy U30CHMHOM U C-4ETHOCTBIO CUCTEMBI JIBYX 3apSKEHHBIX THOHOB.

Tema 7. O0Hapy:xeHHe NPeTeCTHBIX YACTHIl U MX OCHOBHbIE MOJbI pacnaja.
e  Ocummisanun B-Me30HOB.
e CKM-matpuiia.
e CBsa3p MEeXIY M30CTTMHOM M C-4ETHOCTBIO CHCTEMBI IBYX 3apsDKCHHBIX TTHOHOB.
e CBs3b MEXKIY U30CITMHOM U CITMHOM IS OUaPOBAHHBIX OApHOHOB.

Tema 8.00napy:xkenue t-kBapka, W-u Z-0030H0B.
e (CgoiicTBa t-kBapka, W- u Z-0030HOB.
e lI3oTonunueckas MHBAPHUAHTHOCTb.
e (Cucremaruka JIETKHX aJJpOHOB
e (CP-MHBapHMaHTHOCTH U €€ HApYIIICHUE.

Tema 9. HeliTpuno.
e (OOHapyXeHHE IEKTPOHHOTO HEUTPUHO, OOHAPYKEHNE MIOOHHOTO U Tay HEHTPUHO.



bera-pacnan.

N3mepenne Maccsl HEUTPUHO.

N3mepenne maccbl MIOOHHOTO U Tay-HEUTPUHO

W3mepenue moONApU3ALMU  3apsDKEHHBIX JIENTOHOB B OeTa-pacmaje W OIpesesieHHue
CIIUPAIBHOCTH HEUTPUHO.

Ornpenenenne cnupaIbHOCTH Tay-HEUTPUHO.

e J[BoitHOIi OeTa pacma.

e OmnpeneneHue NpupoOabl HEUTPUHO

e BrlunciieHue BEeNMUMHBI BBIACIAEMON SHEPTUU B PA3IMYHBIX TUIIAX IBOMHOro OeTa-pacnaja.

Tema 10 Ocunnasiuuu HEHTPUHO
e BriBog Gpopmysl 41 ciaydasi IBYX COPTOB HEUTPUHO.
e DKCHepUMEHTalIbHOE OOHapYy)KEHUE OCHWJUIALMA HEUTPUHO OT Pa3IUYHBIX HCTOYHUKOB:
COJIHEYHBIE, PEaKTOPHBIE, aTMOC(EPHBIC U YCKOPUTEIbHBIE HEUTPUHO.
®  OLEHKHU Pa3HUIbl MACC HEUTPUHO B PA3IMUHBIX IKCIIEPUMEHTAX.

Tema 11 CpoiicTBa bo3ona Xurrca.

e MexaHU3MBbI POXKICHUS U pacmagoB 0030Ha XHUrTca.
e DKCrHepuMeHTaIbHOE 0OHapykeHre 0030Ha XHUrrca.
e Poub 6030Ha Xurrca B CtangaptHoii Mojenu.

Chapter 1.Introduction and historical overview

1. The standard model of elementary particles and its problems.

2. Accelerator and non-accelerator research methods in elementary particle physics.

3. The basic experimental centers.

4. Familiarization with various quark compositions of hadrons, the solution of tasks on preservation of
the flavors of quarks in strong interactions and conservation of the lepton charge in weak interactions.

Chapter 2. Charged leptons.

1. Discovery and basic properties.

2. Mass, lifetime and branching ratio for the decay Tau-lepton.

3. Verification of the hypothesis of lepton universality.

4. Practical work using personal computers (laptops).

5. Analysis of a small sample of experimental data Belle

6. Familiarization with the method of recovery of the particles on the example of the decay of D
mesons into charged kaon and pion.

7. The definition of signal parameters with the help of fitting.

Chapter 3.Discrete symmetries — C, P, T, CP, and CPT

1. Violation of C and P invariance.

2. An example of the recovery cascade decays.

3. Methods of improving the resolution of the invariant mass.

4. Example of recovery decays with neutral particles in the final state.
5. An example of a full restoration events.

Chapter 4. Spectroscopy of charmonium.

The discovery of the J/iy-particle.

Basic States and their quantum numbers.

The main decay mode.

The restoration of the three-particle decay, familiarity with the figure Delica, its properties. The



amplitude of the resonance.

The derivation of the relationship between the lifetime and width of the resonance.

The discovery of X(3872) and other heavy States of charmonium, the search for exotic States. Search
pentaquark.

The derivation of the formula for the P-parity of a system of fermion-antifermion.

The solution of problems on the conservation of P-parity.

Chapter 5.The detection of Y'-mesons and spectroscopy.

Basic States and their quantum numbers.

The main decay mode.

The discovery of exotic Zb-particles and their properties.

The derivation of the formula for the C-parity of a system of fermion-antifermion.
The solution of problems on the conservation of C-parity.

Chapter 6. The discovery of charmed particles.

Properties of D-mesons

Times of life and relative decay probability.

Deviations from spectatorial model.

GIM-mechanism.

The solution of problems on the conservation of isoChapter spin in strong interactions.
Familiarity with tables of the Clebsch-Gordan.

IsoChapter ratios for decay widths.

Spectroscopy of charmed mesons and their basic properties.

Detection of the first excited States of charmed baryons.

The solution of tasks on isoChapter relations between the cross sections of the reactions.
The relationship between the isospin and C-parity of a system of two charged pions.

Chapter 7. The detection of pretty particles and their main decay mode.

Oscillations of b-mesons.

SCM-matrix.

The relationship between the isospin and C-parity of a system of two charged pions.
The relationship between the isospin and spin for charmed baryons.

Chapter 8.The discovery of t-quark, W - and Z bosons.
Properties of the t-quark, W - and Z bosons.
IsoChapter invariance.

Systematics of light hadrons

CP-invariance and its violation.

Chapter 9. Neutrino.

The detection of electron neutrinos, the detection of muon and Tau neutrinos.
Beta-decay.

Measurement of neutrino mass.

Measurement of the mass of the muon and Tau neutrinos

Measurement of the polarization of charged leptons in beta decay and determination of the neutrino
helicity.

Determination of the helicity of the Tau neutrino.

Double beta decay.

Determining the nature of neutrinos

Calculate the rate of emitted energy in different types of double beta decay.

Chapter 10. Neutrino Oscillations



The derivation of the formula for the case of two neutrino types.

Experimental observation of neutrino oscillations from a variety of sources: solar, reactor, atmospheric
and accelerator neutrinos.

evaluation of the difference of the neutrino masses in various experiments.

Chapter 11 Properties Of The Higgs Boson.

The mechanisms of the birth and decay of the Higgs boson.

Experimental detection of the Higgs boson.

The role of the Higgs boson in the Standard Model.

5. OBPA3OBATEJIBHBIE TEXHOJIOI'MA

Kypc coctout u3 Tpéx paszubix ¢popM oOydeHus: JeKIUU, CEMUHAPhl U CAMOCTOSTEIbHAs paboTa.
Jlekuuu npoBOAATCS C UCIIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTUH, B T.4. MyJIbTUMeIUIHBIX. Ha
CEMUHAPCKUX 3aHIATHSIX CTYACHTHI PEIIAIOT TUMTUYHBIC 3a/1a41 110 KBAHTOBOU TEOPHH TIOJIs,
MPOBOAUTCA pa3zdop npakTudeckux 3anad. [IpeaycmMoTpeHo HHANBUAYATbHBIE U TPYIIIIOBBIE
KOHCYJbTaIiK. BO3MOXHO JUCTaHIIMOHHOE OOIICHHE CO CTYICHTaMH.

6. OIEHOYHBIE CPEJACTBA /IS TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTMU,
MNPOMEXYTOYHOM ATTECTAIIMA IO UTOI'AM OCBOEHUSA JUCHUILIAHBI U
YYEFHO-METOJANYECKOE OBECIHEYEHUE CAMOCTOSITEJIbHON PABOTHI
CTYJAEHTOB

Pa3zpaGoTaHbl KOHTPOJIBHO-U3MEPHUTEIbHBIE MaTepUallbl JJIs KOHTPOJIL YCHEBAaeMOCTH U

OIICHOYHBIE CPEACTBA ISl aTTECTAIMH 110 UTOTaM OCBOEHUS AUCIUIUIMHBI (KOHTPOJIBHBIC BOIIPOCHI 110
BCeM paszjienam Kypca). [IpoBoautcs uHIMBUAyaIbHAs cAava JOMAIIHETO 3aJaHus.

7. YYEBHO-METO/JUYECKOE U UH®OPMAIIMOHHOE OBECIIEYEHUE
YUYEBHOW JACHMIITAHBI
a) OCHOBHAS JINTEPATVYPA:

l. Particle Data Group, Chin.Phys. C38 (2014) 090001, http://pdg.lbl.gov/

2. JLB.OkyHb «o. B 7y ...Z» DnaemMeHTapHOE BBEIECHHE B (PU3HMKY DJIEMEHTAPHBIX YaCTHII,
MockBa «Hayxka» 1985.

3. JI. b. Okynsb, JlenTons! 1 kBapku, MockBa, Hayxka (1990).

4. Particle Data Group 2012, reviews, mathematical tools, chapters: “Mesons”, “Quarks”,
“Leptons”,”Gauge and Higgs bosons”.

6) JOIIOJIHUTEJIbBHA S JIMTEPATYPA:

1. C. B. CemenoB, ®usuka ouapoBaHHbIX aipoHOB, Y DH 1.169, Ne.9 937 (1999).

2. I'.B. [1axnoga, I1.H. ITaxnos, C.W. Diinensman, x3oTudyeckuii yapmonuii, YOH 1. 180 225
(2010).

3. A.E. bounaps, I1.H. [Taxnos, A.O. [TonyskroB, Habmionenne CP-Hapymienue B pacnagax B-
Me30HOB, YOH 1. 177 697 (2007).

4. M.B.lanunoB YOH, 1.168, N6, ¢.631, (1988) « Ilouck napymenuss CP-uHBapuaHTHOCTH B
pacnanax B-me30HOBY

B) [[IPOTPAMMHOE OBECITEYEHUE U UHTEPHET-PECYPCHI:
http://www.library.mephi.ru/ 6ubmuorexka HUAY MUDUX

http://www.gpntb.ru/ rocynapcTBeHHas myOandHas Hay4YHO-TeXHUYecKast OndmuorexaX
http://elibrary.ru/ 6a3a JaHHBIX HayYHBIX CTAaTeUX

8. MATEPHUAJIBHO-TEXHUYECKOE OBECITEYEHUE YYEBHOM JUCIIATIINHBI


http://pdg.lbl.gov/
http://www.library.mephi.ru/
http://www.gpntb.ru/
http://elibrary.ru/

B xone npoBeaeHus neKIuii UCIOIB3YETCS MyJIbTUMEIUITHOE 000pyA0BaHUE.

[Iporpamma coctaBiena B coorBerctBuu ¢ TpedoBanusamMu OI'OC BIIO 3+ no HanpapieHUsIM
MOJTOTOBKHU:

14.05.04 «DnekTpoHUKa U aBTOMAaTHKa (PU3HYECKUX YCTAaHOBOK»

14.03.02 SnepHas pu3uKa U TEXHOIOTHH.

ABTOp IIPOrpamMMBbIL:
IMpodeccop, x.¢.-M.H. Jauuios M.B.




POHJ OHEHOYHBIX CPEJACTB

2. TUITIOBBIE KOHTPOJIBHBIE 3AJIAHUSA

JUTst olieHku 3HaHui (3), ymenuii (Y) u HaBbikoB (B)

2.1 OHEHOYHBLIE CPEJICTBA IS TEKYILEI'O KOHTPOJIA

Huxe npuBeneH nepedeHb OLIEHOYHBIX CPENICTB, UCIOIb3YyEMbIX MPU MPOBEACHUN KOHTPOJIS
YCIEBAEMOCTH CTYACHTOB.
Teopernyeckue BONPOCHL:

1. P-ueTHOCTH YacTHUIl U CUCTEM YaCTHII.

2. OtkpeiTHEe []-ME30HOB M CTpaHHbIX yacTull. M3oToTonnueckas WHBApUAHTHOCTH U
M30MYJIBTUILIETHI

3. Tlokaszars, moueMy ymoOnee mckath 11901 0-pacnang no cpaprenuto ¢ 150 pacnagom mis
OJIHOTO U TOTO K€ U30TOIA.

4. C-yetHOCTb yacTull. C-4E€THOCTH MO3UTPOHUS.

5. Otkpeitue J/[-me30Ha. CIEKTPOCKONUS ce~COCTOSIHUN

6. TeopeTnueckoe OTKPHITUE HEUTPUHO

7. OTkpbiTHE Y'-Me30Ha. CIEKTPOCKONUS bB-COCTOSHUI

8. DKCIIepUMEHTaIbHOE JOKA3aTeNbCTBO CYIIIECTBOBAHUSI HEUTPHHO.

9.YacTuiipl ¢ OTKPBITHIM YapMOM U CHEKTPOCKOIUS C — aHTU-U CUCTEMBI (S- U P- ypoBHM)

10. Jloka3aTenbCTBO HECOXPAHEHUSI YETHOCTH B CIA0BIX B3aMMOICHCTBHIX

11. Pacianel ouapoBanHbIX yactuil. Yroi Kabu6o. Pasnuyrie Bo BpeMeHax KU3HU 04apOBaHHBIX
YaCcTHI]

12. DkcriepuMeHTaIbHOE ONpeeSieHUE CIUPAIbHOCTH HEUTPUHO

13. OtkpriTHE B-Me30Ha. U3MepeHre BpeMeHM KU3HU U MaCChl.

14. KunemaTnuecKkuii METO1 OIPEIEIE€HUS MAaCChI 3JIEKTPOHHOTO HEUTPUHO

15. Marpunia CKM. Onpenenenue 351eMeHTOB Vb

u3 pacnagos B-me3ona

16. JU2U-pacnaa. MeToapl J€TEKTUPOBAHUS.

17. Marpunia CKM. Onpenenenue 3neMeHToB Vub U3 pacnanoB B-me3ona.

18. UUUU-pacnag u Mmacca HEUTPUHO. METOIbI 1E€TEKTUPOBAHUS

19. Ocunmnsinuun HelTpaibHbIX B-Me30H0B. Onpenenenue 3nemenTa Vid

20. OcumIIsuy HEUTPUHHBIX COCTOSIHUM. CBS3b SBJICHUS C MACCOM HEUTPUHO

21.01kpeiTHE t-KBapka. OCHOBHBIE €T0 pacnajbl CMEMIMBAHUS 2-X COCTOSHUM.

22. Otkportie U u [-nenronos. M3mepenne maceol L. [Iposepka e-U-[] yHuBepcanpHOCTH B
JIENTOHHBIX pacnaaax.

23. HaGmrogeHune oCMIISIIMNA COJTHEUHBIX HEUTPUHO.

24. OcHOBHbIE MOJIbI pacnaioB Ll-nentoHa. OTHOCUTENbHAS! BEPOATHOCTh

JENTOHHBIX PacnaioB

25. Habmrogenune ocumuisiiiuii aTMOChepHBIX HEHTPUHO

26. Iloucku sx30THYecknX aapoHoB. CBoiicTBa X(3872) — kaHaUAaTa B MOJIEKYJISIPHOE COCTOSIHUE
27. HabmozeHne oCUISIIUA HEUTPHUHO OT pEakTOpoB

28. Iloucku sKk30THYECKUX aApOoHOB. CBOMCTBA Zb-UaCTHII.

34. [Ipouecchl poKIACHUS O4apOBAaHHBIX YaCTHIL

29. O6napyxenune CP-napymenus B pacragax B- Mme3oHoB

30. T-uetnocth, CPT-yeTHOCTE

31. HaGmronenne ociuyuIsIuid HEHTPUHO OT YCKOpHUTETeH

32. Cuektpockomnusi ¢ — aHTU-d cuctemsl (S- u P- ypoBHH)

33. 3oronuyeckas MNHBAPUAHTHOCTh M CUCTEMATHKA JIETKUX a/IpOHOB.



35. O6napyxenue W-u Z-0030HOB.

36. 'IM- Mmexanu3m

37. CeKTpOoCKOIus ¢ — aHTU-S CUCTEMBI (S- 1 P- ypoBHHM)
38. CpoticTBa 0030Ha Xurrca

QUESTIONS

1. R-parity of particles and systems of particles.

2. Opening [-mesons and strange particles. Isotopically invariance and ismultiple

3. To show why it is more convenient to look for [ "0 0-decay compared with(J7 - decay for
the same isotope.

4. The C-parity of the particle. The C-parity of the positronium.

5. The discovery of the J/[1-meson. Spectroscopy ce-States

6. Theoretical discovery of the neutrino

7. The discovery of the Y'-meson. Spectroscopy bb-States

8. Experimental proof of the existence of neutrinos.

9.Particles with open charm spectroscopy with anti-u system (S - and P - levels)

10. Proof of non-conservation of parity in weak interactions

11. The decays of charmed particles. Corner Of Kabiba. The difference in lifetimes of the charmed
particles

12. Experimental determination of neutrino helicity

13. Opening-meson. Measurement of the lifetime and mass.

14. The kinematic method of determining the mass of the electron neutrino

15. The CKM matrix. Definition of the elements of Vcb

from decays of b-meson

16. J020-decay. Detection methods.

17. The CKM matrix. Definition of the elements of Vub from the decay b-meson.

18. U U U-decay and neutrino mass. Detection methods

19. Oscillations of neutral b-mesons. The definition of the element Vtd

20. Oscillations of neutrino States. The connection of the phenomena with the neutrino mass
21.The opening of the t-quark. The main decays mixing 2 States.

22. Discovery of [J and U-leptons. Mass measurement of [I. Check e-[I-[] universality in lepton
decays.

23. The observation of the oscillations of solar neutrinos.

24. Essential fashion decays [I-lepton. The relative probability

lepton decays

25. The observation of oscillations of atmospheric neutrinos

26. The search for exotic hadrons. The properties of the X(3872) candidate in the molecular state
27. The observation of neutrino oscillations from reactors

28. The search for exotic hadrons. The properties of Zb-particles.

34. The process of the birth of charmed particles

29. The discovery of CP violation in the decays of b - mesons

30. T-parity, CPT-parity

31. The observation of neutrino oscillations from accelerators

32. Spectroscopy — anti-d system (S - and P - levels)

33. Isotopic invariance and systematics of light hadrons.



35. The discovery of the W and Z bosons.

36. GIM - mechanism

37. Spectroscopy — anti-s systems (S - and P - levels)
38. The properties of the Higgs boson

CocraBurenb
[Tpodeccop, a.¢.-Mm.H. Janunos M.B.
3am. 3aBeyromIero kageapoi I'paués B.M.
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Kpurepuu nis arrectanuu pasjiesos:

MaxkcumanbHOe KOJUYECTBO OasioB, KOTOPOE MOXET IMOJY4YUTh CTYIEHT IO pe3yJibTaTaM
aTTecTanuu Tekymeld ycmeBaemoctd, 100 OamnoB. MUHHMMaiIbHOE KOJIMYECTBO OallJIOB, KOTOPOE
HEOOXOJUMO MOJIYYUTh CTYJEHTY JJIsl aTTecTallud W Ui JIOMyCKa K cade sK3aMeHa 1o kKypcy, 50
6aJIoB.

OOmass oneHka omnpenensercs CyMMOHl OajyioB, NOJY4YEHHBIX CTYJIEHTOM Ha 3JK3aMeHe
(MUHMMaTBHOE KOMHMuYecTBO — 50 OamnoB, MakcUMallbHOE KojaudecTBO — 100 OamnoB) U Mo uUTOram

arTeCTanuun TeKymeﬁ YCIIEBAEMOCTH. Hrorosas ornenka OIMPCACIIACTCA 06HII/IM KOJIMYECTBOM OaJIIOB.



Kpurepun oO1ieit oreHKu:

KauyecTBenHast onieHKa
IIpoueHT pe3yJIbTATUBHOCTH N
HHAUBUAYAJTbHBIX 06p33OBaTeJIbeIX JOCTHUKCHHUN
(mpaBUJIBLHBIX OTBETOB) "
0as1s1 (oTMeTKa) BepOaIbHbBII aHAJIOT
90100 5 OTJINYHO
70 + 89 4 XOPOIIO
60 +~ 69 3 YAOBJIETBOPUTEIHHO
MeHee 60 2 HE YJIOBJICTBOPUTEIHHO
OueHka Ouenka ’K3aMeHa, 3a4éTa
. 7 TpedoBanns Kk 3HAHAAM Ha
JK3aMeHa, 3a4éTa (TecToBBIE HOPMBI: % MPABMIBHBIX .
YCTHOM 3a4éTe
(craHmapTHas) OTBETOB)
«OMAUYHOY, 90+ 100 % | OueHKa «OTJIMYHO» BBICTABIAETCS CTYICHTY, €CIM OH IIyOOKO M IPOYHO
A YCBOMJI TIPOTPaMMHBIH MaTepuall, HCUEpIBIBAIONIE, I10CIEOBATEIbHO,
YETKO M JIOTHYECKH CTPOWHO €ro U3JIaraeT, yMeeT TECHO YBS3bIBATh TEOPHIO
C TPaKTUKOH, HCHONB3yeT B OTBETE MaTepual MOHOrpadudeckoi
JIMTEPaTYPBL.
«xXopouioy, 70 + 89% OmeHKa «XOpOIIO» BBICTABISIETCS CTYICHTY, €CIM OH TBEPAO 3HAET
D CB Marepuan, TPaMOTHO M N0 CYyLNIeCTBY H3JaraeT ero, He JOIycKas
CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOC.
«y0061emeo- 60+ 69% OueHKa «yJOBIETBOPHUTEIIFHO» BBICTABIAECTCS CTYJCHTY, €CIM OH HMEET
DPUMenbHO» 3HaHUA TOJIBKO OCHOBHOTO MaTepHala, HO HE YCBOWJI €ro JeTaei,
E, D JIOIyCKaeT HETOYHOCTH, HEIOCTaTOYHO IpaBUIIbHbIE (HOPMYIUPOBKH,
HApyUICHUs  JIOTMYECKOW  MOCIIEJIOBATENILHOCTH B W3JI0KEHHH
IPOrPaMMHOTO MaTepHana.
«Hey0081emeo- menee 60% | OleHKa «HEYIOBICTBOPUTEIBHO» BBICTABISACTCS CTYJCHTY, KOTOPHI He
DUmenbHoy, 3HaeT 3HAUMTEIBHONM YacTH MPOrPAMMHOIO MaTepuaina, JOIyCKaeT
F cyuiecTBeHHble OomMOKM. Kak mpaBMiio, OIEHKa «HEYAOBIETBOPUTEIHHOY
CTaBHUTCSl CTYJCHTaM, KOTOpbIE HE MOTYT HPOJOJDKHTH OOydeHue Oe3
JIOTIOJIHUTENBHBIX 3aHSITHH 110 COOTBETCTBYIOIICH JUCIUILTHHE.




2 Cemectp

JK3aMEeH

AHHOTALUSA
N3y4arorcs 6a30Bbie MOHATHS PU3UKU 3JI€MEHTAPHBIX YACTHII

ABSTRACT
Examines the basic concepts of particle physics

1. IEJIM OCBOEHUSI YYEBHOM JUCHUILINHBI

HeJ'ISIMI/I OCBOCHUA yqe6H0171 JUCHUIIIIMHBI  ABJIAIOTCA OBJIAJCHHUC OCHOBHBIMHU IIOHATHAMU
(I)I/ISI/IKI/I OJICMCHTAPHBIX YaCTHIL

1. PURPOSES OF THE EDUCATIONAL COURSE
The development of the discipline are mastering the basic concepts of particle physics

2. MECTO YYEBHOM JUCIHUATILJIMHBI B CTPYKTYPE OOII BIIO

Kypc siBisiercst BBeieHHEM B UK KYPCOB 10 3KCIIEPUMEHTAIbHON (PU3HKE HJIEMEHTAPHBIX YACTHII.
Jist 0OCBOCHMS JAHHOM JUCIUTUIMHBI 00yJaroIUHCs TOIHKEH 00JIaaTh CIEAYIOIIMMA 3HAHUSIMH:

- 3HaHusAMH 001IeH Gu3nku B 00beme nporpammel MUDU.

- Hauanpubimu nousitusimu KBantoBoit Mexanuku

- 3HaHUSIMHM MaTeMaThKu B 00beme 2-x ter MUOU

- 3HaHUSMH TEOPUU TPy

Jucturuimna «Beeaenue B GU3HUKy SJI€MEHTAPHBIX YaCTHID Oa3UpyeTCs Ha AUCIUILTUHAX:

- O6mas duznka

- Beesenue B Gpu3HKy 371€MEHTApPHBIX YACTHII

- Teopus rpynn

Hucuurumna «Beenenne B GU3MKy 37I€MEHTAPHBIX YaCTUID SBISIETCS TIPOMEKYTOYHON AUCIUTUTHHON
B LIUKJIE KypCOB 10 SKCIIEPUMEHTAIBHOMN (U3HKE.

2. THE COURSE IN THE EDUCATIONAL PROGRAM
The course is an introduction to the cycle of courses on experimental particle physics. For the
development of this discipline student should have the following knowledge:
- Knowledge of General physics in MEPhI size of the program.
- Elementary concepts of Quantum Mechanics
- Knowledge of mathematics in the amount of 2 years MEPhI
- Knowledge of group theory
The course "Introduction to physics of elementary particles 2" is based on the disciplines:
- General Physics
- Introduction to physics of elementary particles
- The theory of groups

The course "Introduction to physics of elementary particles 2" is an intermediate discipline in the cycle
of courses on experimental physics.

4. CTPYKTYPA U COJAEPKAHUE YUEBHOM JUCIUILIVHBI
Kanennapuslii miax



Nori/1n

Bupl yueOHBIX 3aHATHI, BKITIOYAs CAMOCTOSITENbHYIO paboTy

Tema (paznen)

Jlexuuu | Ilpaktuu. | JlabGopar. | 3anmanus, Camocr.
JUCHUITIINHBI

(cemunap.) | paboOTHI KypCOBBIC pabora.
3a/1aHusl. paboThl

Beenenue n

UCTOPUYECKUIA 0030p

3apsiKEHHBIE JICITOHBI

JIMCcKpeTHbIE CUMMETPHUH

N olwo

EEN S EE N I\

Crnexrpockonus
YapMOHUS

OOGHapyxeHue V- 4
ME30HOB u ux
CTIIEKTPOCKOTIHSL.
DK30THYECKHUE aJPOHBI

CBolicTBa O4YapOBaHHBIX 4
YaCTHI]

CBoiicTBa IpesIeCTHHIX 4
YaCTHI]

O6napyxenue t- 2
KBapkoB, W-u Z-
0030HOB

O6nHapyxeHue u 4
CBOMCTBA HEUTPUHO

10

Oo6napyxenue bozona 2
XWUITCa ¥ €ro CBOMCTBa

Hroro uacos 32

‘061112151 TPYJI0EMKOCTh ‘ |

CopneprkaHue AUCHUIUIMHBI (MOAYJIS), CTPYKTYPHUPOBAaHHOE IO TeMaM (pa3jaenam)

Tema
1.

(98]

Tema

SAINANF e

Tema
1.

1.BBenenue u uCTOpUYECKHUil 0030p
CrangapTHasi MOJIENb SJIEMEHTAPHBIX YACTHI] U €€ TIPOOIEMBI.
YCKOpI/ITCJII)HI)IG U HCYCKOPUTCJIBHBIC MCTOABI I/ICCJIGZIOBaHI/Iﬁ B (1)I/I3I/IKC SJICMCHTApPHBIX
YaCTHILI.
OCHOBHBIE YKCIIEPUMEHTAIbHBIE LICHTPHI.
O3HaKOMJIEHHE ¢ KBAPKOBBIM COCTaBOM Pa3IMUHBIX aJPOHOB, PELICHHUE 3a/1a4 Ha COXpPaHEHUE
apoMaToOB KBapKOB B CHUJIbHBIX B3aUMOJICHCTBHUSX W Ha COXpaHEHHUE JIENTOHHOrO 3apsja B
Ca0bIX B3aUMOJCHCTBHUSIX.

2. 3apsisKeHHbIe JIeNTOHbI.
OTKpbITHE U OCHOBHBIE CBOMCTBA.
Macca, Bpemsi )KU3HU M OTHOCHTEJIbHBIC BEPOSTHOCTH pacraja Tay-JIenToHa.
IIpoBepka rumnoressl JJIENTOHHONW YHUBEPCAIBHOCTH.
[TpakTuueckas paboTa ¢ UCIOIb30BAHUEM ITEPCOHABHBIX KOMIIBIOTEPOB (HOYTOYKOB).
Amnanu3 HebobIIoro 00pasiia JaHHBIX YKCIiepuMenTa benb
O3HaKOMJICHHE C METOJIOM BOCCTAaHOBJICHHsI YacTHI[ Ha MpuMepe pacnama D-me3oHa Ha
3apsKEHHBIE KAOH U ITHOH.
Omnpezenenre napaMeTpoB CUTHAJIA TIPU TTOMOLTH (PUTHPOBAHHUSL.

3. Juckperubie cummerpumn — C, P, T, CP, u CPT
Hapymenue C u P nHBapraHTHOCTH.



ITpumMep BOCCTaHOBIIEHHS KACKaJHBIX PACIIalOB.

MeTtoap! yydnieHus pa3peiieHns HHBApUaHTHON MacChl.

ITpumep BoccTaHOBIIEHHUS PaclaloB C HEUTPAIBbHBIMM YaCTHIIAMU B KOHEYHOM COCTOSIHHH.
[Tpumep MOIHOrO BOCCTAHOBJIEHUS COOBITHS.

nhAawh

Tema 4. CnekTpockonusi YapMoOHHUS.

OGnapy>xenue J/\y-4acTulbl.

OcHOBHBIE COCTOSIHHS M UX KBaHTOBBIC YHCIA.

OcHOBHBIE MOJIBI pacraja.

BoccranoBiieHre TpeX4yacTHUHOrO pacnaja, 3HaKOMCTBO ¢ auarpaMMmon Jlanmuviia, ee CBOMCTBaMU.
AMnuTyza pe3oHaHca.

BriBoa hopmyibl CBsI3M MEXKAY BPEMEHEM KU3HU U IIUPUHON PE30HAHCA.

Oo6napyxenne X(3872) W JApPYyrux TSOKENBIX COCTOSHUNM YapMOHUS, TIOUCK DSK30THYECKUX
coctosiHuil. [Torcku meHTakBapka.

BriBoa popmymnsl anst P-uetHOCTH crucTemMbl hepMHUOH-aHTH()EPMHOH.

Pemenue 3anaq Ha coxpanenue P-uetHocTH.

Tema 5.00HapyxeHne Y-Me30HOB U UX CIIEKTPOCKOIHSI.
e OCHOBHBIE COCTOSIHUSI M UX KBAaHTOBBIC YHCIIA.
e OcHOBHBIE MOJIBI pacrajia.
o OO0HapyXeHHe 3K30TUYECKUX Zb-4acTUIl U UX CBOICTBA.
o BrBox ¢popmyisl s C-4eTHOCTH CUCTEMBI epMUOH-aHTU()EPMUOH.
o Pemenue 3aau Ha coxpanenue C-4eTHOCTH.

Tema 6. O0HapyKeHHe 04APOBAHHBIX YaCTHII.

CsotictBa D-me30HOB

Bpemena )u3HH U OTHOCUTENIbHBIE BEPOSTHOCTH pacraja.

OTKJIOHEHHUS OT CIIEKTaTOPHON MOJIEIH.

I'MM-mMexaHu3m.

Pemenue 3a1au Ha COXpaHEHNUE U30TOMUYECKOTO CIIMHA B CUJIBHOM B3aUMOJCHCTBUU.
3nakomcTBO ¢ Tabaunamu Knebma-I"opaana.

W30TOnMYeCcKnEe COOTHOMIEHHUS [yl IIUPUH PacaoB.

CHeKTpoCKOIHs 04apOBAHHBIX ME30HOB M UX OCHOBHBIE CBOICTBA.
OOHapy:keHue MepBbIX BO30YXKIEHHBIX COCTOSTHUN 0YapOBAaHHBIX OApHOHOB.
Pemenue 3a1a4 Ha U30TONNYECKUE COOTHOILIECHUS MEXKIY CCUCHUSMHU PEAKLIMIA.
e (CBa3b MeXAy U30CHMHOM U C-4ETHOCTBIO CUCTEMBI JIBYX 3apSKEHHBIX THOHOB.

Tema 7. O0Hapy:xeHHe NPeTeCTHBIX YACTHIl U MX OCHOBHbIE MOJbI pacnaja.
e  Ocummisanun B-Me30HOB.
e CKM-matpuiia.
e CBsa3p MEeXIY M30CTTMHOM M C-4ETHOCTBIO CHCTEMBI IBYX 3apsDKCHHBIX TTHOHOB.
e CBs3b MEXKIY U30CITMHOM U CITMHOM IS OUaPOBAHHBIX OApHOHOB.

Tema 8.00napy:xkenue t-kBapka, W-u Z-0030H0B.
e (CgoiicTBa t-kBapka, W- u Z-0030HOB.
e lI3oTonunueckas MHBAPHUAHTHOCTb.
e (Cucremaruka JIETKHX aJJpOHOB
e (CP-MHBapHMaHTHOCTH U €€ HApYIIICHUE.

Tema 9. HeliTpuno.
e (OOHapyXeHHE IEKTPOHHOTO HEUTPUHO, OOHAPYKEHNE MIOOHHOTO U Tay HEHTPUHO.



bera-pacnan.

N3mepenne Maccsl HEUTPUHO.

N3mepenne maccbl MIOOHHOTO U Tay-HEUTPUHO

W3mepenue moONApU3ALMU  3apsDKEHHBIX JIENTOHOB B OeTa-pacmaje W OIpesesieHHue
CIIUPAIBHOCTH HEUTPUHO.

Ornpenenenne cnupaIbHOCTH Tay-HEUTPUHO.

e J[BoitHOIi OeTa pacma.

e OmnpeneneHue NpupoOabl HEUTPUHO

e BrlunciieHue BEeNMUMHBI BBIACIAEMON SHEPTUU B PA3IMYHBIX TUIIAX IBOMHOro OeTa-pacnaja.

Tema 10 Ocunnasiuuu HEHTPUHO
e BriBog Gpopmysl 41 ciaydasi IBYX COPTOB HEUTPUHO.
e DKCHepUMEHTalIbHOE OOHapYy)KEHUE OCHWJUIALMA HEUTPUHO OT Pa3IUYHBIX HCTOYHUKOB:
COJIHEYHBIE, PEaKTOPHBIE, aTMOC(EPHBIC U YCKOPUTEIbHBIE HEUTPUHO.
®  OLEHKHU Pa3HUIbl MACC HEUTPUHO B PA3IMUHBIX IKCIIEPUMEHTAX.

Tema 11 CpoiicTBa bo3ona Xurrca.

e MexaHU3MBbI POXKICHUS U pacmagoB 0030Ha XHUrTca.
e DKCrHepuMeHTaIbHOE 0OHapykeHre 0030Ha XHUrrca.
e Poub 6030Ha Xurrca B CtangaptHoii Mojenu.

Chapter 1.Introduction and historical overview

1. The standard model of elementary particles and its problems.

2. Accelerator and non-accelerator research methods in elementary particle physics.

3. The basic experimental centers.

4. Familiarization with various quark compositions of hadrons, the solution of tasks on preservation of
the flavors of quarks in strong interactions and conservation of the lepton charge in weak interactions.

Chapter 2. Charged leptons.

1. Discovery and basic properties.

2. Mass, lifetime and branching ratio for the decay Tau-lepton.

3. Verification of the hypothesis of lepton universality.

4. Practical work using personal computers (laptops).

5. Analysis of a small sample of experimental data Belle

6. Familiarization with the method of recovery of the particles on the example of the decay of D
mesons into charged kaon and pion.

7. The definition of signal parameters with the help of fitting.

Chapter 3.Discrete symmetries — C, P, T, CP, and CPT

1. Violation of C and P invariance.

2. An example of the recovery cascade decays.

3. Methods of improving the resolution of the invariant mass.

4. Example of recovery decays with neutral particles in the final state.
5. An example of a full restoration events.

Chapter 4. Spectroscopy of charmonium.

The discovery of the J/iy-particle.

Basic States and their quantum numbers.

The main decay mode.

The restoration of the three-particle decay, familiarity with the figure Delica, its properties. The



amplitude of the resonance.

The derivation of the relationship between the lifetime and width of the resonance.

The discovery of X(3872) and other heavy States of charmonium, the search for exotic States. Search
pentaquark.

The derivation of the formula for the P-parity of a system of fermion-antifermion.

The solution of problems on the conservation of P-parity.

Chapter 5.The detection of Y'-mesons and spectroscopy.

Basic States and their quantum numbers.

The main decay mode.

The discovery of exotic Zb-particles and their properties.

The derivation of the formula for the C-parity of a system of fermion-antifermion.
The solution of problems on the conservation of C-parity.

Chapter 6. The discovery of charmed particles.

Properties of D-mesons

Times of life and relative decay probability.

Deviations from spectatorial model.

GIM-mechanism.

The solution of problems on the conservation of isoChapter spin in strong interactions.
Familiarity with tables of the Clebsch-Gordan.

IsoChapter ratios for decay widths.

Spectroscopy of charmed mesons and their basic properties.

Detection of the first excited States of charmed baryons.

The solution of tasks on isoChapter relations between the cross sections of the reactions.
The relationship between the isospin and C-parity of a system of two charged pions.

Chapter 7. The detection of pretty particles and their main decay mode.

Oscillations of b-mesons.

SCM-matrix.

The relationship between the isospin and C-parity of a system of two charged pions.
The relationship between the isospin and spin for charmed baryons.

Chapter 8.The discovery of t-quark, W - and Z bosons.
Properties of the t-quark, W - and Z bosons.
IsoChapter invariance.

Systematics of light hadrons

CP-invariance and its violation.

Chapter 9. Neutrino.

The detection of electron neutrinos, the detection of muon and Tau neutrinos.
Beta-decay.

Measurement of neutrino mass.

Measurement of the mass of the muon and Tau neutrinos

Measurement of the polarization of charged leptons in beta decay and determination of the neutrino
helicity.

Determination of the helicity of the Tau neutrino.

Double beta decay.

Determining the nature of neutrinos

Calculate the rate of emitted energy in different types of double beta decay.

Chapter 10. Neutrino Oscillations



The derivation of the formula for the case of two neutrino types.

Experimental observation of neutrino oscillations from a variety of sources: solar, reactor, atmospheric
and accelerator neutrinos.

evaluation of the difference of the neutrino masses in various experiments.

Chapter 11 Properties Of The Higgs Boson.

The mechanisms of the birth and decay of the Higgs boson.

Experimental detection of the Higgs boson.

The role of the Higgs boson in the Standard Model.

5. OBPA3OBATEJIBHBIE TEXHOJIOI'MA

Kypc coctout u3 Tpéx paszubix ¢popM oOydeHus: JeKIUU, CEMUHAPhl U CAMOCTOSTEIbHAs paboTa.
Jlekuuu npoBOAATCS C UCIIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTUH, B T.4. MyJIbTUMeIUIHBIX. Ha
CEMUHAPCKUX 3aHIATHSIX CTYACHTHI PEIIAIOT TUMTUYHBIC 3a/1a41 110 KBAHTOBOU TEOPHH TIOJIs,
MPOBOAUTCA pa3zdop npakTudeckux 3anad. [IpeaycmMoTpeHo HHANBUAYATbHBIE U TPYIIIIOBBIE
KOHCYJbTaIiK. BO3MOXHO JUCTaHIIMOHHOE OOIICHHE CO CTYICHTaMH.

6. OIEHOYHBIE CPEJACTBA /IS TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTMU,
MNPOMEXYTOYHOM ATTECTAIIMA IO UTOI'AM OCBOEHUSA JUCHUILIAHBI U
YYEFHO-METOJANYECKOE OBECIHEYEHUE CAMOCTOSITEJIbHON PABOTHI
CTYJAEHTOB

Pa3zpaGoTaHbl KOHTPOJIBHO-U3MEPHUTEIbHBIE MaTepUallbl JJIs KOHTPOJIL YCHEBAaeMOCTH U

OIICHOYHBIE CPEACTBA ISl aTTECTAIMH 110 UTOTaM OCBOEHUS AUCIUIUIMHBI (KOHTPOJIBHBIC BOIIPOCHI 110
BCeM paszjienam Kypca). [IpoBoautcs uHIMBUAyaIbHAs cAava JOMAIIHETO 3aJaHus.

7. YYEBHO-METO/JUYECKOE U UH®OPMAIIMOHHOE OBECIIEYEHUE
YUYEBHOW JACHMIITAHBI
a) OCHOBHAS JINTEPATVYPA:

l. Particle Data Group, Chin.Phys. C38 (2014) 090001, http://pdg.lbl.gov/

2. JLB.OkyHb «o. B 7y ...Z» DnaemMeHTapHOE BBEIECHHE B (PU3HMKY DJIEMEHTAPHBIX YaCTHII,
MockBa «Hayxka» 1985.

3. JI. b. Okynsb, JlenTons! 1 kBapku, MockBa, Hayxka (1990).

4. Particle Data Group 2012, reviews, mathematical tools, chapters: “Mesons”, “Quarks”,
“Leptons”,”Gauge and Higgs bosons”.

6) JOIIOJIHUTEJIbBHA S JIMTEPATYPA:

1. C. B. CemenoB, ®usuka ouapoBaHHbIX aipoHOB, Y DH 1.169, Ne.9 937 (1999).

2. I'.B. [1axnoga, I1.H. ITaxnos, C.W. Diinensman, x3oTudyeckuii yapmonuii, YOH 1. 180 225
(2010).

3. A.E. bounaps, I1.H. [Taxnos, A.O. [TonyskroB, Habmionenne CP-Hapymienue B pacnagax B-
Me30HOB, YOH 1. 177 697 (2007).

4. M.B.lanunoB YOH, 1.168, N6, ¢.631, (1988) « Ilouck napymenuss CP-uHBapuaHTHOCTH B
pacnanax B-me30HOBY

B) [[IPOTPAMMHOE OBECITEYEHUE U UHTEPHET-PECYPCHI:
http://www.library.mephi.ru/ 6ubmuorexka HUAY MUDUX

http://www.gpntb.ru/ rocynapcTBeHHas myOandHas Hay4YHO-TeXHUYecKast OndmuorexaX
http://elibrary.ru/ 6a3a JaHHBIX HayYHBIX CTAaTeUX

8. MATEPHUAJIBHO-TEXHUYECKOE OBECITEYEHUE YYEBHOM JUCIIATIINHBI


http://pdg.lbl.gov/
http://www.library.mephi.ru/
http://www.gpntb.ru/
http://elibrary.ru/

B xone npoBeaeHus neKIuii UCIOIB3YETCS MyJIbTUMEIUITHOE 000pyA0BaHUE.

[Iporpamma coctaBiena B coorBerctBuu ¢ TpedoBanusamMu OI'OC BIIO 3+ no HanpapieHUsIM
MOJTOTOBKHU:

14.05.04 «DnekTpoHUKa U aBTOMAaTHKa (PU3HYECKUX YCTAaHOBOK»

14.03.02 SnepHas pu3uKa U TEXHOIOTHH.

ABTOp IIPOrpamMMBbIL:
IMpodeccop, x.¢.-M.H. Jauuios M.B.




®OH/JI OHNEHOYHBIX CPEJICTB

2. TUITOBBIE KOHTPOJIBHBIE 3AJAHUSA

JUTs1 olleHKH 3HaHwui (3), ymenuii (Y) u HaBbIKOB (B)

2.1 OHEHOYHBLIE CPEJCTBA JJIA TEKYIIEI'O KOHTPOJIA

Huxe npuBeeH nepedeHb OIIEHOYHBIX CPEJICTB, UCIIOIB3YEMbIX MPHU MPOBEACHUHN KOHTPOJIS
yCIIEBaEMOCTH CTYJICHTOB.
TeopeTuueckre BOMPOCHL:

1. P-yeTHOCTB YacTHIl U CHCTEM YaCTHII.

2. OtkpeiTHEe []-ME30HOB M CTpaHHBIX yacTull. Mi3oToTonuveckas WHBAPHUAHTHOCTH U
W30MYJIBTUILIETHI

3. Tlokasare, mouemy ymoOnee uckats Y00 0-pacnan no cpasrenunto ¢ O0Y00- pacnagom s
OJTHOTO U TOTO K€ U30TOIIA.

4. C-uetHocTh yacTull. C-4€THOCTH TO3UTPOHUS.

5. Otkpeitue J/[-me30Ha. CIIEKTPOCKONHS ce~COCTOSTHHNA

6. TeopeTnueckoe OTKPHITHE HEUTPHUHO

7. OtkpbiTHE Y-Me30Ha. CrieKTpocKonus bb-COCTOSHUN

8. DKCIIEpUMEHTAIIbHOE JJOKA3aTENIbCTBO CYLIECTBOBAHMSI HEUTPHHO.

9.YacTuiipl ¢ OTKPHITHIM YapMOM U CIIEKTPOCKOTHS C — aHTH-U CUCTEMBI (S- u P- ypoBHM)

10. Jloka3aTenbCTBO HECOXPAHEHUS YETHOCTH B CI1a0bIX B3aMMOACHCTBHIX

11. Pacnaner ouapoBaHHbBIX yacTHil. YTou Kabubo. Paznuune Bo BpeMeHax KU3HU 04apOBAHHBIX
YacTHII

12. DkcniepuMeHTaIbHOE ONpeAeNieHUE CIIUPATBHOCTH HEUTPUHO

13. OtkpoiTie B-me30Ha. M3MepeHne BpeMeH! KU3HU U MacChl.

14. KunemaTu4yeckuii METO] ONIPEIETCHUSI MAaCChl 3JIEKTPOHHOTO HEUTPHUHO

15. Matpunia CKM. Onpenenenue 31eMeHTOB Vb

U3 pacnagos B-me30Ha

16. UU20U-pacnag. MeToasl 1€TEKTUPOBAHMUSI.

17. Marpurta CKM. Onpenenenue 31eMeHTOB Vub U3 pacnaaoB B-mMe30Ha.

18. JUD U-pacnaa u Macca HEUTpUHO. MeTOIbI JETEKTUPOBAHUS

19. Ocumsiiuu HeUTpanbHbIX B-Me30H0B. Onpenenenue 31eMenTa Vid

20. OcuumIsiuui HEUTPUHHBIX COCTOSIHUM. CBSI3b SIBJICHUS C MAaCCOU HEUTPUHO

21.01kpbiTHE t-KBapka. OCHOBHBIE €TI0 pacajbl CMENIMBAHUS 2-X COCTOSHUM.

22. Otkportie U u [-nenronos. U3mepenne maceol L. [TpoBepka e-U-L] yHuBepcaapHOCTH B
JIENTOHHBIX pacnaaax.

23. HabnrogeHne OCHMIUISINI COMTHEUHBIX HEUTPUHO.

24. OcHOBHbIE MOABI pacnafioB []-nentoHa. OTHOCUTEIbHAS BEPOSTHOCTD

JICNTOHHBIX PacHaoB

25. HabmoaeHne ocuisinuid aTMOCepHbIX HEHTPUHO

26. [loucku sx3oTHUeckux agpoHoB. CBoiicTBa X(3872) — kaHIUIaTa B MOJIEKYJISIPHOE COCTOSTHUE
27. HabnrogeHue oCumIISIIAA HEUTPUHO OT PEAKTOPOB

28. [loucku 3Kk30THYECKUX aIpOHOB. CBOMCTBA Zb-4ACTHII.

34. Ilpouecchl poxKACHHUS OYaPOBAHHBIX YACTHI]

29. O6napyxxenue CP-napymenus B pacnagax B- me3oHOB

30. T-uetnocth, CPT-ueTHOCTH

31. Habmroenue ocumuiALnid HEUTPUHO OT YCKOpHUTENIeH

32. Cnextpockonus ¢ — aHTu-d cuctemsl (S- u P- ypoBHN)



33. M3oTonnyeckass ”THBApUAHTHOCTh U CUCTEMATHKA JIETKUX aJIJPOHOB.
35. O6napyxenue W- u Z-6030HOB.

36. TUM- mexaHusm

37. CnexkTpocKonus ¢ — aHTHU-S cucTeMsl (S- u P- ypoBHN)

38. CaoiicTBa 6030Ha Xurrca

QUESTIONS

1. R-parity of particles and systems of particles.

2. Opening U-mesons and strange particles. Isotopically invariance and ismultiple

3. To show why it is more convenient to look for (11171 1-decay compared with[J[19[1[J- decay for
the same isotope.

4. The C-parity of the particle. The C-parity of the positronium.

5. The discovery of the J/J-meson. Spectroscopy ce-States

6. Theoretical discovery of the neutrino

7. The discovery of the Y'-meson. Spectroscopy bb-States

8. Experimental proof of the existence of neutrinos.

9.Particles with open charm spectroscopy with anti-u system (S - and P - levels)

10. Proof of non-conservation of parity in weak interactions

11. The decays of charmed particles. Corner Of Kabiba. The difference in lifetimes of the charmed
particles

12. Experimental determination of neutrino helicity

13. Opening-meson. Measurement of the lifetime and mass.

14. The kinematic method of determining the mass of the electron neutrino

15. The CKM matrix. Definition of the elements of Vcb

from decays of b-meson

16. L 020-decay. Detection methods.

17. The CKM matrix. Definition of the elements of Vub from the decay b-meson.

18. DU O-decay and neutrino mass. Detection methods

19. Oscillations of neutral b-mesons. The definition of the element Vtd

20. Oscillations of neutrino States. The connection of the phenomena with the neutrino mass
21.The opening of the t-quark. The main decays mixing 2 States.

22. Discovery of [1 and U-leptons. Mass measurement of [1. Check e-[1-LJ universality in lepton
decays.

23. The observation of the oscillations of solar neutrinos.

24. Essential fashion decays LI-lepton. The relative probability

lepton decays

25. The observation of oscillations of atmospheric neutrinos

26. The search for exotic hadrons. The properties of the X(3872) candidate in the molecular state
27. The observation of neutrino oscillations from reactors

28. The search for exotic hadrons. The properties of Zb-particles.

34. The process of the birth of charmed particles

29. The discovery of CP violation in the decays of b - mesons

30. T-parity, CPT-parity

31. The observation of neutrino oscillations from accelerators

32. Spectroscopy — anti-d system (S - and P - levels)



33. Isotopic invariance and systematics of light hadrons.
35. The discovery of the W and Z bosons.

36. GIM - mechanism

37. Spectroscopy — anti-s systems (S - and P - levels)
38. The properties of the Higgs boson

CocraBurenb
[Ipodeccop, a.¢.-M.H. Janunos M.B.
3am. 3aBeqyroIIero kageapoit I'paués B.M.

« » 20 T

Kputepuu s arrectTaunu pas3iesos:

MakcuManbHOE KOJMYECTBO OauIoB, KOTOPOE MOKET IOJIYYUTh CTYACHT IO pe3yibTaraM
aTTecTanuu Tekymied ycrneBaemoct, 100 GamroB. MHUHMMabHOE KOJHUYECTBO OaioB, KOTOPOE
HEO0OXOJMMO TOJYUYHUTh CTYACHTY JJIsl aTTeCTAllMU W JJIsl JIOMYyCKa K cllaye dK3aMeHa mo kypcy, S0
0aos.

OOmast oLeHKa OIpeneNseTcss CyMMOW OaiioB, IOJyYEHHBIX CTYyJEHTOM Ha OJK3aMeHe
(MuHUMAaTBHOE KOJM4YecTBO — S50 OamioB, MakcuMmaiabHOEe KojqndecTBO — 100 GamioB) u mo uroram

aTTeCTalnmun TCKyIJ.IGfI YCIICBACMOCTH. Hrorosas OLICHKA OIIPCACIACTCA O6H.[I/IM KOJINYECTBOM OaJllIOB.



Kpurepun obuieit oreHku:

KadecTBeHHas OllEHKA
IIpoueHT pe3yJIbTATUBHOCTH .
HHIUBUAYAJTBbHbLIX Oﬁpa3OBaTeJ'[bHI)IX JOCTHUKCHUU
(MpaBUJILHBIX OTBETOB) =
0aJ171 (0TMETKA) BepOAJIbHbBIN AHAJIOT
90 +100 5 OTJINYHO
70 + 89 4 XOPOIIO
60 + 69 3 YJIOBJIETBOPUTEIIHHO
MeHee 60 2 HE YJIOBJIETBOPUTEIHHO
Ounenka Onenka 3K3amMeHa, 3a4éTa
. - TpeGoBanns Kk 3HAHAAM Ha
JK3aMeHa, 3a4éTa (TecToBBIE HOPMBI: % MPABUIBHBIX .
YCTHOM 3a4éTe
(cTannmapTHas) OTBETOB)
«OMAUUHOY, 90+ 100 % |OueHKa «OTJIMYHO» BBICTABISETCS CTYJEHTY, €CIIM OH IIIyOOKO M IPOYHO
A YCBOWJI IPOTPAaMMHBIH MaTepHaji, HWCYEPIbIBAIOLIe, I0CIIEI0BATENEHO,
YETKO U JIOTHYECKH CTPOWHO ero M3JIaraeT, yMeeT TECHO YBSI3bIBaTh TEOPUIO
C TPaKTHKOH, WCHONB3yeT B OTBETE MaTepHal MOHOrpadUuecKoi
JIUTEPATYPBHIL.
«XOpOULoy, 70+ 89% OueHka «XOpOLIO» BBICTABJISIETCS CTYJEHTY, €Cld OH TBEPAO 3HAET
D, C B MaTepual, TpPaMOTHO M TII0 CYyIIECTBY H3JIaraeT ero, He JOIycKas
CYIIECTBEHHBIX HETOYHOCTEH B OTBETE HA BOIPOC.
«y0081emeo- 60+ 69% OneHka «yIOBIETBOPUTEIBHO» BBICTABISETCA CTYAEHTY, €CIIM OH HMEET
PUMENLHOY 3HaHMS TOJBKO OCHOBHOTO MaTepHana, HO HE YCBOWJI €ro JeTajeH,
E D JOIyCKaeT HETOYHOCTH, HEIOCTaTOYHO IIPaBWIbHBIE (HDOPMYJIHUPOBKH,
HapylIeHUs  JIOTUYECKOW  TOCIIEAOBATEIFHOCTH B H3JI0KEHHH
MIPOTrPaMMHOT0 MaTepHaa.
«Heyo00snemeo- menee 60% | OLeHKa «HEYNOBIETBOPUTEIBHO» BBICTABISCTCA CTYACHTY, KOTOPBIA HE
PUMENLHOY, 3HAeT 3HAYUTENBHOM YacTH MPOTPaMMHOTO Marepuana, MJOIyCKaeT
F cyliecTBeHHbIe OmMOKH. Kak mpaBMiIO, OIEHKA «HEYAOBICTBOPUTEIHHON
CTaBUTCS CTYICHTAM, KOTOpbIE HE MOTYT NPOJOJDKUTH Oo0yueHue 0e3
JIOTIOJIHUTENBHBIX 3aHSTHI 110 COOTBETCTBYIOIIEH JHUCIMILTIUHE.
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