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AHHOTADNUA
N3yuenne skCepuMEHTAIbHBIX METOAOB B SIEPHOM PHU3UKe

ABSTRACT
Studies of experimental methods in nuclear physics

1. IIEJIA OCBOEHUS YUYEBHOM JUCIATLINHBI

Hensimu ocBoeHUs yuyeOHON NUCHUIUIMHBI (MOIYJIs) SBJISIOTCS OBJIAZICHUE 3HAHUSIMU B 00JIacTu
COBPEMEHHOI'0 COCTOSIHUS HKCIIEPUMEHTAIbHON (DPU3UKH 37IEMEHTAPHBIX YACTHII.

1. PURPOSES OF THE EDUCATIONAL COURSE
The purpose of mastering the academic subject (module) are the acquisition of knowledge in the area
of the modern state of experimental particle physics.

2. MECTO YYEBHOH JJUCHUAILJIMHBI B CTPYKTYPE OOII BIIO

JlaHHBIA KypC IMO3BOJISIET CTYICHTY MPHOOPECTH 3HaHWS, HEOOXOMMMBIE sl paboThl B 00JacTH
(U3MKM AJIEMEHTapHBIX YacTHll. Bymayun 3aKI04nTeIbHON YacThi0O METOJUYECKOTO LIHKIIA, OH 00001IaeT
BCC 3HAHMs, IOJNYUYECHHBIE paHEe M COCPEAOTAYMBAETCA HAa MX IPUMEHEHMU K IPOLECCY CO3JaHUs
COBPEMEHHBIX YCTaHOBOK. [loiydeHHbIE 3HAHHS SIBIAIOTCS HEOOXOMMMBIMU ISl HMCCIIEOBATENbCKOM
paloThl B MPAKTHUECKU JTFOOOM HAyYHOM HaIlpaBJICHHH.

2. THE COURSE IN THE EDUCATIONAL PROGRAM

This discipline refers to the section of specialization.

This course allows the student to acquire the knowledge necessary to work in the field of particle
physics. As the final part of the methodological cycle, he integrates all knowledge previously acquired
and focuses on their application to the process of creating contemporary installations. Acquired
knowledge are necessary for research in almost any scientific field.

4. CTPYKTYPA U COAEP)KAHUE YYEBHOM JUCIUTLINHBI
Kanennapusiii minax
Copep:xaHue QUCUMILIMHBI (MOJYJIs), CTPYKTYPHUPOBAHHOE 110 TeMaM (pazjienam)

Neo | KonTponupyembie Koapt O11eHOYHBIE CPEJCTBA
pas3znensl (TeMbl) | KOMIIETEHLUH U HaumeHnoBanme IIpencraBnenue
AVCIATUTHHBI 3VB Texyumit KoHTpoJb B donze (koi-
KOHTPOJIb UTOTOB BO)
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Bonpocel aas codeceroBaHuA

IO JUCIHMITIIMHE ((3KCHepI/IMeHTaJIBHbIe METOABI B ﬂuepnoﬁ (l)I/I3I/IKe»

Tema 1. O01mMe NPUHIMIIBI MOCTPOEHHSI 00JIBIIUX YCTAHOBOK.

[Ipobnemsl, TpeOyromme WHCCIeNOBaHUS MeToJaMH (U3WKKA 4YacTUIl. 3aJadyd  COBPEMEHHOTO
JKCIIEpUMEHTa B (PU3UKE YacTHUIl. THIBI SKCIIEPUMEHTOB — YCKOPUTEIbHbIC, HA KOCMUYECKUX JIydax U
ap. MarepuanbHO-TeXHHUECKasi 0a3a COBPEMEHHBIX 3KcrepuMeHTOB. McTtounuku vactui. [IpakTuka
CO3/1aHUA OOJBIINX YCTaHOBOK. VIHTEpIipeTalys pe3ynbTaToB.

Tema 2. MeToauKa COBpEeMEHHOI0 IKCIIePUMEHTA.

[TpoxokeHne 3apspKEHHBIX YacTHIl 4yepe3 BemecTBo. Monuzanms. Dddexkr BaBunoa Yepenkona.
[lepexonnoe n3nydenue. [IpoxoxkaeHne SIEKTPOHOB M (POTOHOB Uepe3 BEIIECTBO. JICKTPOMArHUTHBIC
nuBHU. IIpoxoxaeHue aApoHOB 4Yepe3 BelmecTBO. AJpoHHbIE JUBHU. DOTOYMHOXKUTEH.
Knaccudukamus. OCHOBHBIE XapaKTEpUCTHKH U 007acTh MNpUMEHEHHs. [a30Bble JETEKTOPHI.
Knaccudukamus. OcHOBHBIE XapaKTEPUCTUKH U 00JacTh MpUMeHeHHs. KpemHHeBble AEeTEeKTOpHI.
Knaccudukarnus. OcHOBHBIE XapaKTEpUCTUKU M 00JacTh NMpUMEHEHHs. JleTeKTOpbl YepeHKOBCKOTO
uznyuenus.  Knmaccugukauus.  OCHOBHbIE — XapaKTepUCTHMKM U o0JacTb  IPUMEHEHUS.
OnekTpoMarHuTHele KanopumeTpel. Knaccudukanms. OCHOBHBIE XapaKTEpUCTUKU U 00JIacTb
npuMeHeHus. AJpoHHble KajmopuMmeTpbl. Knaccudukanus. OCHOBHbIE XapaKTEpUCTUKU U 00JACTh
MIPUMEHEHUS.

Tema 3. YcTpoiicTBO TUIHYHOIO JeTEKTOPA JJsl KOJLIAliepHOro 3KcnepuMeHTa (Ha nmpumepe
nerexkropa Belle)

CP-napyenus, ux poisib B ¢pusuke yactull. [loctaHoBka pusnueckoit 3agauu no ucciaenoBanuto CP-
HapyuieHuii. Beibop Tuma yckoputens, o6ocHOBaHUE BbiOOpa. BriOop oOmiel cxembl JeTeKTopa,
obocHoBaHue. BbiOop TexHoNoruii, mpumensiemMbix B aetektope Belle, obocnoBanme. Unentudukamms
YacTHUIl B JIETEKTOpe OOIIEro Ha3HAYeHUs B KOJUIAMJIEpPHBIX dKCIEpUMEHTaX (Ha MpHUMEpe YCTaHOBKHU
Belle)

Tema 4. YCcTpoiicTBO THIHYHOIO I€TEKTOPA IJI1 HEYCKOPHUTEJIBLHOI0 IKCIIepUMeHTa (HA mpuMepe
nerekropa SNO)

Heiitpuno, ux ponb B (u3uke yacTuil, OCOOEHHOCTH B3aMMOJCHCTBHUS ¢ BemlecTBOM. [locTaHoBka
¢u3nveckoil 3amauu MO MCCIETOBAHUIO HEUTPUHHBIX OCHWLIAIMNA. MICTOUHMKH HEUTpHUHO, BBIOOD
HanOosiee yIO0OHOTO WCTOYHMKA JUIsl TIPOBEACHHS u3MepeHui. BwriOop oOmiell cxeMbl IeTeKTopa,
obocHoBaHue. BbiOop TexHomoruii, npumensemsix B nerekrope SNO, obocHoBanue. nentudukanus
curHana B nerekrope SNO. 3ammra ot ¢poHa

Tema S. YeTpoiicTBO THIIMYHOIO AETEKTOPA IJIsl IKCIIEPMMEHTOB HA HeNOABUKHOI MHUIIEHHU (HA

npumepe aerekropa Hera-B)



Paznuuus B sKclepyMMEHTax Ha aJPOHHBIX U 3JEKTPOH-NO3UTPOHHBIX KoJUIaiiepax, 0COOEHHOCTU
HKCIIEPUMEHTOB Ha (PUKCHpPOBAHHOW MUIIeHU. BBIOOp 001Iel cxembl 1eTekTopa, 06ocHOoBaHue. Beioop
TEXHOJIOTHH, TpuMeHsieMbIX B nerektope Hera-B, oGocnoBanme. [IpoGnema BBICOKMX 3arpy3ok Ha

npumepe aerextopa Hera-B. Tpurrep, TpurrepHsie TeXHOJIOTHH, OLIEHKA 3()(heKTUBHOCTH.

Chapter 1. General principles of construction of large installations.

Problems that require the research methods of particle physics. Tasks of the modern experiment in
particle physics. Types of experiments — accelerator, cosmic rays, etc. Material-technical base of
modern experiments. Sources of particles. Practice the creation of large installations. Interpretation of
the results.

Chapter 2. The technique of modern experiment.

The passage of charged particles through a substance. Ionization. The Vavilov Cherenkov Radiation.
Transition radiation. The passage of electrons and photons through matter. Electromagnetic
showers.The passage of hadrons through matter. Hadron showers. The photomultipliers. Classification.
Main characteristics and scope. The gas detectors. Classification. Main characteristics and scope. The
silicon detectors. Classification. Main characteristics and scope.The detectors of Cherenkov radiation.
Classification. Main characteristics and scope. Electromagnetic calorimeters. Classification. Main
characteristics and scope. Hadron calorimeters. Classification. Main characteristics and scope.
Chapter 3. The device is a typical detector for Collider experiment (on the example of the Belle
detector)

CP violation in particle physics. Staged physical challenges for the study of CP-violations. Select the
type of accelerator, the rationale for the selection. The choice of the General scheme of the detector,
study. The choice of technologies used in the Belle detector, the rationale. Particle identification in the
detector is a General-purpose Collider experiments (for example, installation Belle)

Chapter 5. The device is a typical detector for non-accelerator experiment (on the example of the SNO
detector)

Neutrinos, their role in particle physics, especially the interaction with matter. Staged physical
challenges for the study of neutrino oscillations. The sources of neutrinos, the choice of the most
convenient source for measurements. The choice of the General scheme of the detector, study. The
choice of technologies used in the SNO detector, the rationale. Identification signal in the SNO
detector. Protection background

Chapter 6. The device is a typical detector for experiments at a stationary target (for example, the
detector Hera-B)

Differences in experiments at hadron and electron-positron colliders, especially the experiments on a
fixed target. The choice of the General scheme of the detector, study.The choice of technologies used
in the detector of Hera-B, justification. The problem of high downloads for example the detector of the
Hera-b Trigger, trigger technology, performance evaluation.

5. OBPA30OBATEJBHBIE TEXHOJIOI' A

Kypc coctout u3 Tpéx pa3ubix ¢popM oOydeHus: JeKIIUU, CEMUHAPBI U CAMOCTOSTENbHAs paboTa.
Jlekuuu nmpoBOATCS C UCIIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTUM, B T.4. MyJIbTUMEeINIHBIX. Ha
CEMHUHAPCKUX 3aHATHUSX CTYJICHThI PEIAIOT TUIIUYHbIC 3a/1a4M 110 KBAHTOBOM T€OPHUU IOJIA,
MIPOBOJIUTCS paz0op MpakTUUECKHX 3a1a4. [IpeaycMOTpeHO HHINBHIYyAIbHBIE U TPYIIITOBHIE
KOHCYJbTaIK. BO3MOXHO JUCTaHIIMOHHOE OOIICHHE CO CTYyICHTaMH.

6. OIEHOYHBIE CPEJACTBA JIJISA TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTHU,
MPOMEXYTOYHOM ATTECTAIIMA IO UTOI'AM OCBOEHUSA JUCHUILIAHBI 1
YYEBHO-METOJINYECKOE OBECIHEYEHUE CAMOCTOSITEJIbHON PABOTHI
CTYAEHTOB



Pa3paboTanbl KOHTPOJIBHO-U3MEPUTENbHBIE MaTepuaibl il KOHTPOJSl YCIEBAaEMOCTU U
OIICHOYHBIE CPEACTBA ISl ATTECTALMK 110 UTOraM OCBOEHUS AUCIUIUIMHBI (KOHTPOJIbHBIE BOIIPOCHI 110
BCeM paznenam Kypca). [IpoBoauTtcs nHaMBUAyanbHas cjavya JOMaITHETo 3aaHus .

7. YYEBHO-METOANYECKOE U UTH®OOPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCIATIIMHBI
a) OCHOBHAA JIUTEPATYPA:
1. Particle Data Group, Chin.Phys. C38 (2014) 090001, http://pdg.lbl.gov/
0) AOIIOJIHUTEJIbHA S JINTEPATYPA:

1. K. T'pynmen, «Jlerekropbl 3JeMEHTApHBIX dYacTuil», HoBocuOupck, «Cubupckuit
xponorpad»,1999
2. K. H. MyxuH, «DKcrnepuMeHTalbHas sJepHas (U3NKay, kHura 2, Mocksa,

OHueproaromusnat, 1993.

B) [IPOI'PAMMHOE OBECITEYEHUE U UHTEPHET-PECYPCBI:

http://www library.mephi.ru/ 6ubmmoreka HUSTY MUOUX

http://www.gpntb.ru/ rocynapcTBeHHas myOiIrYHas HAyYHO-TEXHUUYECKast OnOnroTexaX
http://elibrary.ru/ 6a3a JaHHBIX HAyYHBIX CTaTEHX

8. MATEPUAJIBHO-TEXHUYECKOE OBECITIEYEHUE YYEBHOM JUCIATIINHBI

B xozne npoBeneHus JeKUUA UCTIONB3YETCSA MYJIbTUMEANITHOE 000PYy10BAHHE.

[Iporpamma cocraBiena B cootBercTBuu ¢ TpedoBanusimu GI'OC BIIO 3+ no HanpaBieHusmM
MOATOTOBKH:

14.05.04 «DnexTpoHHKa U aBTOMATHKA (PU3UYECKUX YCTAHOBOK

14.03.02 SnepHast pu3rKa U TEXHOIOTHH.

ABTOp IpOrpaMMBbI:
JlotieHT, K.¢.-M.H. VYrios T.B.
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POHJ OHEHOYHBIX CPEJACTB

2. TUITIOBBIE KOHTPOJIBHBIE 3AJIAHUSA

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

2.1 OHEHOYHBIE CPEJICTBA IJIS TEKYILET'O KOHTPOJIA

Huxe npuBeneH nepedeHb OLIEHOYHBIX CPENICTB, UCIOIb3YyEMbIX MPU MPOBEACHUN KOHTPOJIS
YCIIEBAEMOCTH CTY/IEHTOB.

Bomnpocsr:
2.

o ® N koW

10.
11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

[TpoGnemsl, Tpebyrolye nccieaoBaHus MeTogaMH (PU3UKH YacTHUI]

3amauu COBPEMEHHOT0 AKCIIEPUMEHTA B (PH3UKE YaCTHUIL

Tumnsl 5KCIEPUMEHTOB — YCKOPUTENIbHbIE, HA KOCMUUYECKHX JIydax U JIp.
MarepuanbHO-TeXHHUYECKast 0a3a COBPEMEHHBIX SKCIIEPUMEHTOB

HcTounnkuy yacTuig

[IpakTuka co3nanus OOJIBIINX YCTAHOBOK

WuTtepnperanus pe3ynbTaToB

[IpoxoxxaeHne 3apspKeHHBIX 4yacTHIl depe3 BemiecTBO. Monmzanumsa. D¢pdext BaBuiosa-
Yepenkona. [lepexonnoe uzinydeHue.

[IpoxosxaeHne JIeKTPOHOB U (POTOHOB YEPE3 BEUIECTBO. DICKTPOMArHUTHBIE JIUBHU.
[TpoxoxneHne aipoOHOB Yepe3 BELECTBO. AJJPOHHBIE JTUBHHU.

dortoymuoxurenu. Knaccuduxanns. OCHOBHbIE XapaKTEPUCTUKU U 001aCTh IPUMEHEHUS.
l'azoBbie  pmerextopsl. Knaccudukanms. OCHOBHBIE XapaKTEepUCTHKH U 00JacThb
IPUMEHEHHS.

Kpemuuesbie perexkropsl. Kitaccudukanusa. OCHOBHBIE XapaKTEPUCTUKH U 00JIacTh
IPUMEHEHHUS.

JerexkTopsl yepeHKoOBcKoro u3nyudeHus. Kimaccudukarms. OCHOBHBIE XapaKTEPUCTUKU U
00J1aCTh IPUMEHEHUS.

DOnekTpoMarHuTHele KajmopumeTpbl. Kiaccugukanus. OCHOBHBIE XapaKTEPUCTHKH U
00J1aCTh IPUMEHEHUS.

Anponnbie kanmopumeTpsl. Kiaccu¢pukamus. OCHOBHBIE XapakTEpHUCTUKA M 00JacTb
PUMEHEHUS.

CP-napymuienusi, ux pojib B (pU3KMKe YaCTHIL

[TocTanoBka (pu3mveckoit 3agaun mo ucciaeaoBanuto CP-HapymeHuid.

Br16op Tna yckoputens, 000CHOBaHUE BBIOODA.

Br16op o01ielt cxembl IeTekTopa, 000CHOBaHUE.

Br16op TexHo0rHii, npuMeHsieMbIx B ietekrope Belle, obocHoBanue.



23. Nnentudukamuss dvacTui] B JETEKTope oOmero Ha3HayeHUsT B  KOJUIAMIEPHBIX

JKCIepUMeHTax (Ha mpumMepe ycraHoBku Belle)

24.  HeiitpuHo, ux poiib B (U3HUKE YACTUIl, OCOOEHHOCTH B3aUMOJICHCTBUS C BEILIECTBOM

25. [TocranoBka (hu3rUeckoi 3a1a4u MO UCCISIOBAHUIO HEHTPUHHBIX OCIMIUISIIIHA.

26.  VcTrouHMKM HEWTpPUHO, BbIOOpP Haubonee YIOOHOrO MCTOYHMKA I MPOBEACHUS
U3MEPEHHUM.

27.  BsiOop o01iel cxeMbl IeTeKTopa I U3yUeHUs OCHUIUISIIMNA HEUTPUHO, 0O0CHOBAHHUE.

28.  BriOop TexHONOrMiA, NpuMeHseMsIx B etekrope SNO, o60cHOBaHHME.

29.  Unentudukanus curtana B aerekrope SNO

30. 3amuTa oT oHA B HEUTPUHHBIX SKCIIEPUMEHTAX.

31. Pa3nuuus B SKCIEPUMEHTAaX Ha aJpPOHHBIX M D3JIEKTPOH-TIO3UTPOHHBIX KOJUlaiaepax,
0COOCHHOCTH 3KCIIEPUMEHTOB Ha (PMKCHPOBAHHON MUILIEHU

32.  BsiOop o0mieii cxeMbl IeTeKTopa Ha (pUKCHpOBaHHOW MUILIEHH, 000CHOBaHHE.

33. Br16op TexHoMO0THIA, TPpUMEHsAEeMBIX B geTekTope Hera-B, o6ocHoBaHume.

34.  IlpoGnema BBICOKHMX 3arpy30K Ha nmpumepe nerekropa Hera-B

35. Tpurrep, TpUrrepHbIe TEXHOJIOTHH, OLIEHKA 3P (HEKTHBHOCTH

QUESTIONS
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. Problems that require the research methods of particle physics

. Tasks of the modern experiment in particle physics

. Types of experiments — accelerator, cosmic rays, etc.

. Material-technical base of modern experiments

. Sources of particles

. Practice the creation of large installations

. Interpretation of results

. The passage of charged particles through a substance. lonization. Vavilov-Cherenkov Effect.

Transition radiation.

9.

10.

11

12.

13

14.

15
16
17
18
19

20.

21

The passage of electrons and photons through matter. Electromagnetic showers.
The passage of hadrons through matter. Hadron showers.

. The photomultipliers. Classification. Main characteristics and scope.

The gas detectors. Classification. Main characteristics and scope.

. The silicon detectors. Classification. Main characteristics and scope.

The detectors of Cherenkov radiation. Classification. Main characteristics and scope.
. Electromagnetic calorimeters. Classification. Main characteristics and scope.

. Hadron calorimeters. Classification. Main characteristics and scope.

. CP-violations in particle physics

. Staged physical challenges for the study of CP-violations.

. Select the type of accelerator, the rationale for the selection.

The choice of the General scheme of the detector, study.

. The choice of technologies used in the Belle detector, the rationale.



22. Particle identification in the detector is a General-purpose Collider experiments (for example,
installation Belle)

23. Neutrinos, their role in particle physics, especially the interaction with matter

24. Staged physical challenges for the study of neutrino oscillations.

25. The sources of neutrinos, the choice of the most convenient source for measurements.

26. The choice of the General scheme of the detector to study neutrino oscillations study.

27. The choice of technologies used in the SNO detector, the rationale.

28. Identification signal in the SNO detector

29. Protection of background in neutrino experiments.

30. Differences in experiments at hadron and electron-positron colliders, especially the experiments
fixed target

31. The choice of the General scheme of the detector fixed target, the rationale.

32. The choice of technologies used in the detector of Hera-B, justification.

33. The problem of high downloads for example detector Hera-B

34. Trigger, trigger technology, performance evaluation

CocraBurenb
JlotieHT, K.¢.-M.H. VYrnos T.B.
3am. 3aBeyroniero kageapou I'paués B.M.

« » 20 1.

Kpurtepuu s aTrecTauum pa3aesion:

MakcumanabHOE KOJIMYECTBO OajuloB, KOTOPOE MOXKET IOJyYUTh CTYIEHT IO pe3yjbTaram
aTTectauu Tekyued ycneBaemoctd, 100 OamnoB. MHUHMMaIbHOE KOJIMYECTBO OaijioB, KOTOpPOE
HEOOXOMMO TMONYYHTh CTYAEHTY JJIS aTTeCTallMM W Ul JIOIyCKa K cade dK3aMeHa mo Kypcey, S0
0asIoB.

OOmast oueHKa oIpeneNnsercss CyMMOW OaijioB, IOJyYEHHBIX CTYyJEHTOM Ha 3K3aMeHe
(MuHUMaNBEHOE KonmuecTBO — 50 OamoB, MakcuMaiabHOe KoimdecTBo — 100 6amioB) M mo urToram

aTTeCTalun TGKYHIGI}’I YCIICBACMOCTH. Hrorosas OICHKA OIIPCACIIACTCA O6H.[I/IM KOJIMYECTBOM OaJIJIOB.

Kpurepun oO1ieit oneHKu:



IIpoueHT pe3yIbTaTUBHOCTH

KauecTBenHast oieHKA
WHAMBHIYAJbHBIX 00pa30BATEIbLHbIX I0CTHKEHUI

(MpaBUJIBHBIX OTBETOB) "
0as1s1 (oTMeTKa) BepOaJIbHbII aHAJIOT
90 + 100 5 OTJINYHO
70 + 89 4 XOPOIIO
60 +~ 69 3 YJOBJIETBOPUTEIHLHO
MeHee 60 2 HE YJIOBJIETBOPUTEIHHO
Onenka Onenka 3K3aMeHa, 3a4éTa

J3K3aMeHa, 3a4€Ta

(TecToBbie HOPMBL: %

TpeGoBanus K 3HAHUAM Ha

YCTHOM 3a4ére
MIPABHJIbHBIX OTBETOB)

(crannmapTHas)

COMIIUYHOY, 90+ 100 % |OneHka «OTIUIHO» BBICTABIISCTCS CTYACHTY, €CIIM OH IITyOO0KO
Y TPOYHO YCBOWJI MPOTPAMMHBIA MaTepHall, UCUEPIIBIBAIOIIIE,
4 MOCJIEI0BATENbHO, YETKO U JIOTUYECKHU CTPOMHO €ro M3Jaraer,
yMEET TECHO YBSI3bIBaTh TEOPHUIO C MPAKTHKOW, HCIOIb3YET B

OTBETE MaTepUaT MOHOTPAPUIECKON IUTEPATYPHI.
«xopowioy, 70 +89% |OneHka «XOpOIIO» BBICTABISECTCA CTYJIEHTY, €CIU OH TBEPIO
3HAeT Marepuai, IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, He

D.CB JIOITyCKasl CYLIECTBEHHBIX HETOYHOCTEHN B OTBETE Ha BOIPOC.
«y0081emeo- 60+ 69% |OueHka «yJIOBJIETBOPUTEIHLHO» BBICTABIACTCS CTYIEHTY, €CIU
PUMenbHO» OH MMEET 3HAaHMS TOJbKO OCHOBHOI'O MaTepuasia, HO He YCBOUJI
ero jJeraiei, JOMyCKaeT HETOYHOCTH, HEJO0CTaTOYHO
ED NMpaBUiibHbIE  (OPMYJTUPOBKU, HAPYIICHUS  JIOTHYECKOU
MOCJIeI0BATEIbHOCTH B W3JI0KEHUN MPOrPaMMHOTO
MaTepuana.




Paznen 2 KBapku u 3KClIePUMEHTBI 110 UX O0HAPYKEHU IO

2.1 KosutokBuym (Ku) - 12 Heneas

AHHOTADNUA
W3yudenne sKCepuMEHTAIbHBIX METOAOB B SIEPHOM PHU3UKE

ABSTRACT
Studies of experimental methods in nuclear physics

1.  LEJYA OCBOEHMS YYEBHOM JUCLUAININHBI

Hensimu ocBoeHUs yueOHON NUCHUIUIMHBI (MOIYJIs) SBISIOTCS OBJIAZICHUE 3HAHUSIMU B 00JIacTu
COBPEMEHHOT'0 COCTOSIHUS HKCIIEPUMEHTAIBHON (PU3UKH 37IEMEHTAPHBIX YACTHII.

1. PURPOSES OF THE EDUCATIONAL COURSE
The purpose of mastering the academic subject (module) are the acquisition of knowledge in the area
of the modern state of experimental particle physics.

2. MECTO YUYEBHOH JJUCHUATILJIMHBI B CTPYKTYPE OOII BIIO

JlaHHBI KypC TO3BOJSIET CTYACHTY MPUOOPECTH 3HAHUS, HEOOXOIMMBIC Ui PabOTHl B 00JIacTH
(HM3HUKN DIIEMEHTApHBIX YaCTHIl. Bymyun 3aKTI0YHTEIbHON YacThi0 METOMYECKOTO KA, OH 0000IaeT
BCC 3HAHMSA, IMONYYCHHBIE paHEee M COCPEAOTaYMBAETCSd HAa WX NPUMEHEHMH K TPOIECCY CO3JaHMUs
COBPCMCHHBIX YCTAaHOBOK. HOHy‘-IeHHBIG 3HAHUA SBJISIFOTCA HeO6XOHI/IMBIMI/I JUJIA HCCHGHOB&TCHBCKOﬁ
paboThI B MPAKTUYECKH JTFOOOM HAyYHOM HAIpPaBIICHHH.

2. THE COURSE IN THE EDUCATIONAL PROGRAM

This discipline refers to the section of specialization.

This course allows the student to acquire the knowledge necessary to work in the field of particle
physics. As the final part of the methodological cycle, he integrates all knowledge previously acquired
and focuses on their application to the process of creating contemporary installations. Acquired
knowledge are necessary for research in almost any scientific field.

4. CTPYKTYPA U COAEP)KAHUE YYEBHOM JUCIHUILINHBI
Kanennapnsiii minax
Copep:xaHue QUCUMILIMHBI (MOJYJIsl), CTPYKTYPHUPOBAHHOE 110 TeMaM (pazzienam)
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Bonpocel aas codeceroBaHuA

IO JUCIHMITIIMHE ((3KCHepI/IMeHTaJIBHbIe METOABI B ﬂuepnoﬁ (l)I/I3I/IKe»

Tema 1. O01mMe NPUHIMIIBI MOCTPOEHHSI 00JIBIIUX YCTAHOBOK.

[Ipobnemsl, TpeOyromme WHCCIeNOBaHUS MeToJaMH (U3WKKA 4YacTUIl. 3aJadyd  COBPEMEHHOTO
JKCIIEpUMEHTa B (PU3UKE YacTHUIl. THIBI SKCIIEPUMEHTOB — YCKOPUTEIbHbIC, HA KOCMUYECKUX JIydax U
ap. MarepuanbHO-TeXHHUECKasi 0a3a COBPEMEHHBIX 3KcrepuMeHTOB. McTtounuku vactui. [IpakTuka
CO3/1aHUA OOJBIINX YCTaHOBOK. VIHTEpIipeTalys pe3ynbTaToB.

Tema 2. MeToauKa COBpEeMEHHOI0 IKCIIePUMEHTA.

[TpoxokeHne 3apspKEHHBIX YacTHIl 4yepe3 BemecTBo. Monuzanms. Dddexkr BaBunoa Yepenkona.
[lepexonnoe n3nydenue. [IpoxoxkaeHne SIEKTPOHOB M (POTOHOB Uepe3 BEIIECTBO. JICKTPOMArHUTHBIC
nuBHU. IIpoxoxaeHue aApoHOB 4Yepe3 BelmecTBO. AJpoHHbIE JUBHU. DOTOYMHOXKUTEH.
Knaccudukamus. OCHOBHBIE XapaKTEpUCTHKH U 007acTh MNpUMEHEHHs. [a30Bble JETEKTOPHI.
Knaccudukamus. OcHOBHBIE XapaKTEPUCTUKH U 00JacTh MpUMeHeHHs. KpemHHeBble AEeTEeKTOpHI.
Knaccudukarnus. OcHOBHBIE XapaKTEpUCTUKU M 00JacTh NMpUMEHEHHs. JleTeKTOpbl YepeHKOBCKOTO
uznyuenus.  Knmaccugukauus.  OCHOBHbIE — XapaKTepUCTHMKM U o0JacTb  IPUMEHEHUS.
OnekTpoMarHuTHele KanopumeTpel. Knaccudukanms. OCHOBHBIE XapaKTEpUCTUKU U 00JIacTb
npuMeHeHus. AJpoHHble KajmopuMmeTpbl. Knaccudukanus. OCHOBHbIE XapaKTEpUCTUKU U 00JACTh
MIPUMEHEHUS.

Tema 3. YcTpoiicTBO TUIHYHOIO JeTEKTOPA JJsl KOJLIAliepHOro 3KcnepuMeHTa (Ha nmpumepe
nerexkropa Belle)

CP-napyenus, ux poisib B ¢pusuke yactull. [loctaHoBka pusnueckoit 3agauu no ucciaenoBanuto CP-
HapyuieHuii. Beibop Tuma yckoputens, o6ocHOBaHUE BbiOOpa. BriOop oOmiel cxembl JeTeKTopa,
obocHoBaHue. BbiOop TexHoNoruii, mpumensiemMbix B aetektope Belle, obocnoBanme. Unentudukamms
YacTHUIl B JIETEKTOpe OOIIEro Ha3HAYeHUs B KOJUIAMJIEpPHBIX dKCIEpUMEHTaX (Ha MpHUMEpe YCTaHOBKHU
Belle)

Tema 4. YCcTpoiicTBO THIHYHOIO I€TEKTOPA IJI1 HEYCKOPHUTEJIBLHOI0 IKCIIepUMeHTa (HA mpuMepe
nerekropa SNO)

Heiitpuno, ux ponb B (u3uke yacTuil, OCOOEHHOCTH B3aMMOJCHCTBHUS ¢ BemlecTBOM. [locTaHoBka
¢u3nveckoil 3amauu MO MCCIETOBAHUIO HEUTPUHHBIX OCHWLIAIMNA. MICTOUHMKH HEUTpHUHO, BBIOOD
HanOosiee yIO0OHOTO WCTOYHMKA JUIsl TIPOBEACHHS u3MepeHui. BwriOop oOmiell cxeMbl IeTeKTopa,
obocHoBaHue. BbiOop TexHomoruii, npumensemsix B nerekrope SNO, obocHoBanue. nentudukanus
curHana B nerekrope SNO. 3ammra ot ¢poHa

Tema S. YeTpoiicTBO THIIMYHOIO AETEKTOPA IJIsl IKCIIEPMMEHTOB HA HeNOABUKHOI MHUIIEHHU (HA

npumepe aerekropa Hera-B)



Paznuuus B sKclepyMMEHTax Ha aJPOHHBIX U 3JEKTPOH-NO3UTPOHHBIX KoJUIaiiepax, 0COOEHHOCTU
HKCIIEPUMEHTOB Ha (PUKCHpPOBAHHOW MUIIeHU. BBIOOp 001Iel cxembl 1eTekTopa, 06ocHOoBaHue. Beioop
TEXHOJIOTHH, TpuMeHsieMbIX B nerektope Hera-B, oGocnoBanme. [IpoGnema BBICOKMX 3arpy3ok Ha

npumepe aerextopa Hera-B. Tpurrep, TpurrepHsie TeXHOJIOTHH, OLIEHKA 3()(heKTUBHOCTH.

Chapter 1. General principles of construction of large installations.

Problems that require the research methods of particle physics. Tasks of the modern experiment in
particle physics. Types of experiments — accelerator, cosmic rays, etc. Material-technical base of
modern experiments. Sources of particles. Practice the creation of large installations. Interpretation of
the results.

Chapter 2. The technique of modern experiment.

The passage of charged particles through a substance. Ionization. The Vavilov Cherenkov Radiation.
Transition radiation. The passage of electrons and photons through matter. Electromagnetic
showers.The passage of hadrons through matter. Hadron showers. The photomultipliers. Classification.
Main characteristics and scope. The gas detectors. Classification. Main characteristics and scope. The
silicon detectors. Classification. Main characteristics and scope.The detectors of Cherenkov radiation.
Classification. Main characteristics and scope. Electromagnetic calorimeters. Classification. Main
characteristics and scope. Hadron calorimeters. Classification. Main characteristics and scope.
Chapter 3. The device is a typical detector for Collider experiment (on the example of the Belle
detector)

CP violation in particle physics. Staged physical challenges for the study of CP-violations. Select the
type of accelerator, the rationale for the selection. The choice of the General scheme of the detector,
study. The choice of technologies used in the Belle detector, the rationale. Particle identification in the
detector is a General-purpose Collider experiments (for example, installation Belle)

Chapter 5. The device is a typical detector for non-accelerator experiment (on the example of the SNO
detector)

Neutrinos, their role in particle physics, especially the interaction with matter. Staged physical
challenges for the study of neutrino oscillations. The sources of neutrinos, the choice of the most
convenient source for measurements. The choice of the General scheme of the detector, study. The
choice of technologies used in the SNO detector, the rationale. Identification signal in the SNO
detector. Protection background

Chapter 6. The device is a typical detector for experiments at a stationary target (for example, the
detector Hera-B)

Differences in experiments at hadron and electron-positron colliders, especially the experiments on a
fixed target. The choice of the General scheme of the detector, study.The choice of technologies used
in the detector of Hera-B, justification. The problem of high downloads for example the detector of the
Hera-b Trigger, trigger technology, performance evaluation.

5. OBPA30OBATEJBHBIE TEXHOJIOI' A

Kypc coctout u3 Tpéx pa3ubix ¢popM oOydeHus: JeKIIUU, CEMUHAPBI U CAMOCTOSTENbHAs paboTa.
Jlekuuu nmpoBOATCS C UCIIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTUM, B T.4. MyJIbTUMEeINIHBIX. Ha
CEMHUHAPCKUX 3aHATHUSX CTYJICHThI PEIAIOT TUIIUYHbIC 3a/1a4M 110 KBAHTOBOM T€OPHUU IOJIA,
MIPOBOJIUTCS paz0op MpakTUUECKHX 3a1a4. [IpeaycMOTpeHO HHINBHIYyAIbHBIE U TPYIIITOBHIE
KOHCYJbTaIK. BO3MOXHO JUCTaHIIMOHHOE OOIICHHE CO CTYyICHTaMH.

6. OIEHOYHBIE CPEJACTBA JIJISA TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTHU,
MPOMEXYTOYHOM ATTECTAIIMA IO UTOI'AM OCBOEHUSA JUCHUILIAHBI 1
YYEBHO-METOJINYECKOE OBECIHEYEHUE CAMOCTOSITEJIbHON PABOTHI
CTYAEHTOB



Pa3paboTanbl KOHTPOJIBHO-U3MEPUTENbHBIE MaTepuaibl il KOHTPOJSl YCIEBAaEMOCTU U
OIICHOYHBIE CPEACTBA ISl ATTECTALMK 110 UTOraM OCBOEHUS AUCIUIUIMHBI (KOHTPOJIbHBIE BOIIPOCHI 110
BCeM paznenam Kypca). [IpoBoauTtcs nHaMBUAyanbHas cjavya JOMaITHETo 3aaHus .

7. YYEBHO-METOANYECKOE U UTH®OOPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCIATIIMHBI
a) OCHOBHAA JIUTEPATYPA:
36.  Particle Data Group, Chin.Phys. C38 (2014) 090001, http://pdg.Ibl.gov/
0) AOIIOJIHUTEJIbHA S JINTEPATYPA:

1. K. T'pynmen, «Jlerekropbl 3JeMEHTApHBIX dYacTuil», HoBocuOupck, «Cubupckuit
xponorpad»,1999
2. K. H. MyxuH, «DKcrnepuMeHTalbHas sJepHas (U3NKay, kHura 2, Mocksa,

OHueproaromusnat, 1993.

B) [IPOI'PAMMHOE OBECITEYEHUE U UHTEPHET-PECYPCBI:

http://www library.mephi.ru/ 6ubmmoreka HUSTY MUOUX

http://www.gpntb.ru/ rocynapcTBeHHas myOiIrYHas HAyYHO-TEXHUUYECKast OnOnroTexaX
http://elibrary.ru/ 6a3a JaHHBIX HAyYHBIX CTaTEHX

8. MATEPUAJIBHO-TEXHUYECKOE OBECITIEYEHUE YYEBHOM JUCIATIINHBI

B xozne npoBeneHus JeKUUA UCTIONB3YETCSA MYJIbTUMEANITHOE 000PYy10BAHHE.

[Iporpamma cocraBiena B cootBercTBuu ¢ TpedoBanusimu GI'OC BIIO 3+ no HanpaBieHusmM
MOATOTOBKH:

14.05.04 «DnexTpoHHKa U aBTOMATHKA (PU3UYECKUX YCTAHOBOK

14.03.02 SnepHast pu3rKa U TEXHOIOTHH.

ABTOp IpOrpaMMBbI:
JlotieHT, K.¢.-M.H. VYrios T.B.
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POHJ OHEHOYHBIX CPEJACTB

2. TUITIOBBIE KOHTPOJIBHBIE 3AJIAHUSA

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

2.1 OHEHOYHBIE CPEJICTBA IJIS TEKYILET'O KOHTPOJIA

Huxe npuBeneH nepedeHb OLIEHOYHBIX CPENICTB, UCIOIb3YyEMbIX MPU MPOBEACHUN KOHTPOJIS
YCIIEBAEMOCTH CTY/IEHTOB.

Bomnpocsr:
37.
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45.
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49.
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52.

53.

54.

55.

56.
57.

[TpoGnemsl, Tpebyrolye nccieaoBaHus MeTogaMH (PU3UKH YacTHUI]

3amauu COBPEMEHHOT0 AKCIIEPUMEHTA B (PH3UKE YaCTHUIL

Tumnsl 5KCIEPUMEHTOB — YCKOPUTENIbHbIE, HA KOCMUUYECKHX JIydax U JIp.
MarepuanbHO-TeXHHUYECKast 0a3a COBPEMEHHBIX SKCIIEPUMEHTOB

HcTounnkuy yacTuig

[IpakTuka co3nanus OOJIBIINX YCTAHOBOK

WuTtepnperanus pe3ynbTaToB

[IpoxoxxaeHne 3apspKeHHBIX 4yacTHIl depe3 BemiecTBO. Monmzanumsa. D¢pdext BaBuiosa-
Yepenkona. [lepexonnoe uzinydeHue.

[IpoxosxaeHne JIeKTPOHOB U (POTOHOB YEPE3 BEUIECTBO. DICKTPOMArHUTHBIE JIUBHU.
[TpoxoxneHne aipoOHOB Yepe3 BELECTBO. AJJPOHHBIE JTUBHHU.

dortoymuoxurenu. Knaccuduxanns. OCHOBHbIE XapaKTEPUCTUKU U 001aCTh IPUMEHEHUS.
l'azoBbie  pmerextopsl. Knaccudukanms. OCHOBHBIE XapaKTEepUCTHKH U 00JacThb
IPUMEHEHHS.

Kpemuuesbie perexkropsl. Kitaccudukanusa. OCHOBHBIE XapaKTEPUCTUKH U 00JIacTh
IPUMEHEHHUS.

JerexkTopsl yepeHKoOBcKoro u3nyudeHus. Kimaccudukarms. OCHOBHBIE XapaKTEPUCTUKU U
00J1aCTh IPUMEHEHUS.

DOnekTpoMarHuTHele KajmopumeTpbl. Kiaccugukanus. OCHOBHBIE XapaKTEPUCTHKH U
00J1aCTh IPUMEHEHUS.

Anponnbie kanmopumeTpsl. Kiaccu¢pukamus. OCHOBHBIE XapakTEpHUCTUKA M 00JacTb
PUMEHEHUS.

CP-napymuienusi, ux pojib B (pU3KMKe YaCTHIL

[TocTanoBka (pu3mveckoit 3agaun mo ucciaeaoBanuto CP-HapymeHuid.

Br16op Tna yckoputens, 000CHOBaHUE BBIOODA.

Br16op o01ielt cxembl IeTekTopa, 000CHOBaHUE.

Br16op TexHo0rHii, npuMeHsieMbIx B ietekrope Belle, obocHoBanue.



58. Nnentudukamuss dvacTui] B JETEKTope oOmero Ha3HayeHUsT B  KOJUIAMIEPHBIX

JKCIepUMeHTax (Ha mpumMepe ycraHoBku Belle)

59. Heiitpuno, ux posib B pu3MKe 4acTuil, 0COOEHHOCTH B3aUMO/ICHCTBHUSI C BEIIECTBOM

60.  IlocraHoBka (pU3NYECKON 3aa4n MO UCCIEIOBAHUIO HEHTPUHHBIX OCLIMIIISALIMM.

61.  Hcrounuku HeHTpuHO, BbIOOp Haubosiee yIOOHOTO HCTOYHUKA JJIsi IPOBEIEHUS
U3MEPEHHUM.

62.  BpiOop oO1ieit cxembl IeTeKTOpa ISl U3YUYEHUsT OCIUIUISIINN HEUTPUHO, 000CHOBAHUE.

63.  BriOop TexHonoruit, npumensemMsix B rerekrope SNO, o6ocHOBaHME.

64.  Unentudukamus curHaia B nerekrope SNO

65. 3amuTa oT oHA B HEUTPUHHBIX SKCIIEPUMEHTAX.

66.  Paznuuus B OKCIEpUMEHTAaX Ha aJPOHHBIX M DIIEKTPOH-TIOBUTPOHHBIX KOJIIaiepax,
0COOCHHOCTH 3KCIIEPUMEHTOB Ha (PMKCHPOBAHHON MUILIEHU

67.  BpiOop o01iei cxeMbl IeTeKTopa Ha (pUKCHpOBaHHOW MHILIEHH, 000CHOBaHHE.

68. Br16op TexHoMO0THIA, TPpUMEHsAEeMBIX B geTekTope Hera-B, o6ocHoBaHume.

69.  IlpoGnema BBICOKHMX 3arpy30K Ha nmpumepe nerekropa Hera-B

70. Tpurrep, TpUrrepHbIe TEXHOJIOTHH, OLIEHKA 3P (HEKTHBHOCTH

QUESTIONS
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. Problems that require the research methods of particle physics

. Tasks of the modern experiment in particle physics

. Types of experiments — accelerator, cosmic rays, etc.

. Material-technical base of modern experiments

. Sources of particles

. Practice the creation of large installations

. Interpretation of results

. The passage of charged particles through a substance. lonization. Vavilov-Cherenkov Effect.

Transition radiation.

9.

10.

11

12.

13

14.

15
16
17
18
19

20.

21

The passage of electrons and photons through matter. Electromagnetic showers.
The passage of hadrons through matter. Hadron showers.

. The photomultipliers. Classification. Main characteristics and scope.

The gas detectors. Classification. Main characteristics and scope.

. The silicon detectors. Classification. Main characteristics and scope.

The detectors of Cherenkov radiation. Classification. Main characteristics and scope.
. Electromagnetic calorimeters. Classification. Main characteristics and scope.

. Hadron calorimeters. Classification. Main characteristics and scope.

. CP-violations in particle physics

. Staged physical challenges for the study of CP-violations.

. Select the type of accelerator, the rationale for the selection.

The choice of the General scheme of the detector, study.

. The choice of technologies used in the Belle detector, the rationale.



22. Particle identification in the detector is a General-purpose Collider experiments (for example,
installation Belle)

23. Neutrinos, their role in particle physics, especially the interaction with matter

24. Staged physical challenges for the study of neutrino oscillations.

25. The sources of neutrinos, the choice of the most convenient source for measurements.

26. The choice of the General scheme of the detector to study neutrino oscillations study.

27. The choice of technologies used in the SNO detector, the rationale.

28. Identification signal in the SNO detector

29. Protection of background in neutrino experiments.

30. Differences in experiments at hadron and electron-positron colliders, especially the experiments
fixed target

31. The choice of the General scheme of the detector fixed target, the rationale.

32. The choice of technologies used in the detector of Hera-B, justification.

33. The problem of high downloads for example detector Hera-B

34. Trigger, trigger technology, performance evaluation

CocraBurenb
JlotieHT, K.¢.-M.H. VYrnos T.B.
3am. 3aBeyroniero kageapou I'paués B.M.

« » 20 1.

Kpurtepuu s aTrecTauum pa3aesion:

MakcumanabHOE KOJIMYECTBO OajuloB, KOTOPOE MOXKET IOJyYUTh CTYIEHT IO pe3yjbTaram
aTTectauu Tekyued ycneBaemoctd, 100 OamnoB. MHUHMMaIbHOE KOJIMYECTBO OaijioB, KOTOpPOE
HEOOXOMMO TMONYYHTh CTYAEHTY JJIS aTTeCTallMM W Ul JIOIyCKa K cade dK3aMeHa mo Kypcey, S0
0asIoB.

OOmast oueHKa oIpeneNnsercss CyMMOW OaijioB, IOJyYEHHBIX CTYyJEHTOM Ha 3K3aMeHe
(MuHUMaNBEHOE KonmuecTBO — 50 OamoB, MakcuMaiabHOe KoimdecTBo — 100 6amioB) M mo urToram

aTTeCTalun TGKYHIGI}’I YCIICBACMOCTH. Hrorosas OICHKA OIIPCACIIACTCA O6H.[I/IM KOJIMYECTBOM OaJIJIOB.

Kpurepun oO1ieit oneHKu:



IIpoueHT pe3yIbTaTUBHOCTH

KauecTBenHast oieHKA
WHAMBHIYAJbHBIX 00pa30BATEIbLHbIX I0CTHKEHUI

(MpaBUJIBHBIX OTBETOB) "
0as1s1 (oTMeTKa) BepOaJIbHbII aHAJIOT
90 + 100 5 OTJINYHO
70 + 89 4 XOPOIIO
60 +~ 69 3 YJOBJIETBOPUTEIHLHO
MeHee 60 2 HE YJIOBJIETBOPUTEIHHO
Onenka Onenka 3K3aMeHa, 3a4éTa

J3K3aMeHa, 3a4€Ta

(TecToBbie HOPMBL: %

TpeGoBanus K 3HAHUAM Ha

YCTHOM 3a4ére
MIPABHJIbHBIX OTBETOB)

(crannmapTHas)

COMIIUYHOY, 90+ 100 % |OneHka «OTIUIHO» BBICTABIISCTCS CTYACHTY, €CIIM OH IITyOO0KO
Y TPOYHO YCBOWJI MPOTPAMMHBIA MaTepHall, UCUEPIIBIBAIOIIIE,
4 MOCJIEI0BATENbHO, YETKO U JIOTUYECKHU CTPOMHO €ro M3Jaraer,
yMEET TECHO YBSI3bIBaTh TEOPHUIO C MPAKTHKOW, HCIOIb3YET B

OTBETE MaTepUaT MOHOTPAPUIECKON IUTEPATYPHI.
«xopowioy, 70 +89% |OneHka «XOpOIIO» BBICTABISECTCA CTYJIEHTY, €CIU OH TBEPIO
3HAeT Marepuai, IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, He

D.CB JIOITyCKasl CYLIECTBEHHBIX HETOYHOCTEHN B OTBETE Ha BOIPOC.
«y0081emeo- 60+ 69% |OueHka «yJIOBJIETBOPUTEIHLHO» BBICTABIACTCS CTYIEHTY, €CIU
PUMenbHO» OH MMEET 3HAaHMS TOJbKO OCHOBHOI'O MaTepuasia, HO He YCBOUJI
ero jJeraiei, JOMyCKaeT HETOYHOCTH, HEJO0CTaTOYHO
ED NMpaBUiibHbIE  (OPMYJTUPOBKU, HAPYIICHUS  JIOTHYECKOU
MOCJIeI0BATEIbHOCTH B W3JI0KEHUN MPOrPaMMHOTO
MaTepuana.




Pa3nea 3 JlenToHBI

3.1 Momamnee 3axanue (/I3) - 15 Henean

AHHOTADNUA
W3yudenne sKCepuMEHTAIbHBIX METOAOB B SIEPHOM PHU3UKE

ABSTRACT
Studies of experimental methods in nuclear physics

1.  LEJYA OCBOEHMS YYEBHOM JUCLUAININHBI

Hensimu ocBoeHUs yueOHON NUCHUIUIMHBI (MOIYJIs) SBISIOTCS OBJIAZICHUE 3HAHUSIMU B 00JIacTu
COBPEMEHHOT'0 COCTOSIHUS HKCIIEPUMEHTAIBHON (PU3UKH 37IEMEHTAPHBIX YACTHII.

1. PURPOSES OF THE EDUCATIONAL COURSE
The purpose of mastering the academic subject (module) are the acquisition of knowledge in the area
of the modern state of experimental particle physics.

2. MECTO YUYEBHOH JJUCHUATILJIMHBI B CTPYKTYPE OOII BIIO

JlaHHBI KypC TO3BOJSIET CTYACHTY MPUOOPECTH 3HAHUS, HEOOXOIMMBIC Ui PabOTHl B 00JIacTH
(HM3HUKN DIIEMEHTApHBIX YaCTHIl. Bymyun 3aKTI0YHTEIbHON YacThi0 METOMYECKOTO KA, OH 0000IaeT
BCC 3HAHMSA, IMONYYCHHBIE paHEee M COCPEAOTaYMBAETCSd HAa WX NPUMEHEHMH K TPOIECCY CO3JaHMUs
COBPCMCHHBIX YCTAaHOBOK. HOHy‘-IeHHBIG 3HAHUA SBJISIFOTCA HeO6XOHI/IMBIMI/I JUJIA HCCHGHOB&TCHBCKOﬁ
paboThI B MPAKTUYECKH JTFOOOM HAyYHOM HAIpPaBIICHHH.

2. THE COURSE IN THE EDUCATIONAL PROGRAM

This discipline refers to the section of specialization.

This course allows the student to acquire the knowledge necessary to work in the field of particle
physics. As the final part of the methodological cycle, he integrates all knowledge previously acquired
and focuses on their application to the process of creating contemporary installations. Acquired
knowledge are necessary for research in almost any scientific field.

4. CTPYKTYPA U COAEP)KAHUE YYEBHOM JUCIHUILINHBI
Kanennapnsiii minax
Copep:xaHue QUCUMILIMHBI (MOJYJIsl), CTPYKTYPHUPOBAHHOE 110 TeMaM (pazzienam)
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Bonpocel aas codeceroBaHuA

IO JUCIHMITIIMHE ((3KCHepI/IMeHTaJIBHbIe METOABI B ﬂuepnoﬁ (l)I/I3I/IKe»

Tema 1. O01mMe NPUHIMIIBI MOCTPOEHHSI 00JIBIIUX YCTAHOBOK.

[Ipobnemsl, TpeOyromme WHCCIeNOBaHUS MeToJaMH (U3WKKA 4YacTUIl. 3aJadyd  COBPEMEHHOTO
JKCIIEpUMEHTa B (PU3UKE YacTHUIl. THIBI SKCIIEPUMEHTOB — YCKOPUTEIbHbIC, HA KOCMUYECKUX JIydax U
ap. MarepuanbHO-TeXHHUECKasi 0a3a COBPEMEHHBIX 3KcrepuMeHTOB. McTtounuku vactui. [IpakTuka
CO3/1aHUA OOJBIINX YCTaHOBOK. VIHTEpIipeTalys pe3ynbTaToB.

Tema 2. MeToauKa COBpEeMEHHOI0 IKCIIePUMEHTA.

[TpoxokeHne 3apspKEHHBIX YacTHIl 4yepe3 BemecTBo. Monuzanms. Dddexkr BaBunoa Yepenkona.
[lepexonnoe n3nydenue. [IpoxoxkaeHne SIEKTPOHOB M (POTOHOB Uepe3 BEIIECTBO. JICKTPOMArHUTHBIC
nuBHU. IIpoxoxaeHue aApoHOB 4Yepe3 BelmecTBO. AJpoHHbIE JUBHU. DOTOYMHOXKUTEH.
Knaccudukamus. OCHOBHBIE XapaKTEpUCTHKH U 007acTh MNpUMEHEHHs. [a30Bble JETEKTOPHI.
Knaccudukamus. OcHOBHBIE XapaKTEPUCTUKH U 00JacTh MpUMeHeHHs. KpemHHeBble AEeTEeKTOpHI.
Knaccudukarnus. OcHOBHBIE XapaKTEpUCTUKU M 00JacTh NMpUMEHEHHs. JleTeKTOpbl YepeHKOBCKOTO
uznyuenus.  Knmaccugukauus.  OCHOBHbIE — XapaKTepUCTHMKM U o0JacTb  IPUMEHEHUS.
OnekTpoMarHuTHele KanopumeTpel. Knaccudukanms. OCHOBHBIE XapaKTEpUCTUKU U 00JIacTb
npuMeHeHus. AJpoHHble KajmopuMmeTpbl. Knaccudukanus. OCHOBHbIE XapaKTEpUCTUKU U 00JACTh
MIPUMEHEHUS.

Tema 3. YcTpoiicTBO TUIHYHOIO JeTEKTOPA JJsl KOJLIAliepHOro 3KcnepuMeHTa (Ha nmpumepe
nerexkropa Belle)

CP-napyenus, ux poisib B ¢pusuke yactull. [loctaHoBka pusnueckoit 3agauu no ucciaenoBanuto CP-
HapyuieHuii. Beibop Tuma yckoputens, o6ocHOBaHUE BbiOOpa. BriOop oOmiel cxembl JeTeKTopa,
obocHoBaHue. BbiOop TexHoNoruii, mpumensiemMbix B aetektope Belle, obocnoBanme. Unentudukamms
YacTHUIl B JIETEKTOpe OOIIEro Ha3HAYeHUs B KOJUIAMJIEpPHBIX dKCIEpUMEHTaX (Ha MpHUMEpe YCTaHOBKHU
Belle)

Tema 4. YCcTpoiicTBO THIHYHOIO I€TEKTOPA IJI1 HEYCKOPHUTEJIBLHOI0 IKCIIepUMeHTa (HA mpuMepe
nerekropa SNO)

Heiitpuno, ux ponb B (u3uke yacTuil, OCOOEHHOCTH B3aMMOJCHCTBHUS ¢ BemlecTBOM. [locTaHoBka
¢u3nveckoil 3amauu MO MCCIETOBAHUIO HEUTPUHHBIX OCHWLIAIMNA. MICTOUHMKH HEUTpHUHO, BBIOOD
HanOosiee yIO0OHOTO WCTOYHMKA JUIsl TIPOBEACHHS u3MepeHui. BwriOop oOmiell cxeMbl IeTeKTopa,
obocHoBaHue. BbiOop TexHomoruii, npumensemsix B nerekrope SNO, obocHoBanue. nentudukanus
curHana B nerekrope SNO. 3ammra ot ¢poHa

Tema S. YeTpoiicTBO THIIMYHOIO AETEKTOPA IJIsl IKCIIEPMMEHTOB HA HeNOABUKHOI MHUIIEHHU (HA

npumepe aerekropa Hera-B)



Paznuuus B sKclepyMMEHTax Ha aJPOHHBIX U 3JEKTPOH-NO3UTPOHHBIX KoJUIaiiepax, 0COOEHHOCTU
HKCIIEPUMEHTOB Ha (PUKCHpPOBAHHOW MUIIeHU. BBIOOp 001Iel cxembl 1eTekTopa, 06ocHOoBaHue. Beioop
TEXHOJIOTHH, TpuMeHsieMbIX B nerektope Hera-B, oGocnoBanme. [IpoGnema BBICOKMX 3arpy3ok Ha

npumepe aerextopa Hera-B. Tpurrep, TpurrepHsie TeXHOJIOTHH, OLIEHKA 3()(heKTUBHOCTH.

Chapter 1. General principles of construction of large installations.

Problems that require the research methods of particle physics. Tasks of the modern experiment in
particle physics. Types of experiments — accelerator, cosmic rays, etc. Material-technical base of
modern experiments. Sources of particles. Practice the creation of large installations. Interpretation of
the results.

Chapter 2. The technique of modern experiment.

The passage of charged particles through a substance. Ionization. The Vavilov Cherenkov Radiation.
Transition radiation. The passage of electrons and photons through matter. Electromagnetic
showers.The passage of hadrons through matter. Hadron showers. The photomultipliers. Classification.
Main characteristics and scope. The gas detectors. Classification. Main characteristics and scope. The
silicon detectors. Classification. Main characteristics and scope.The detectors of Cherenkov radiation.
Classification. Main characteristics and scope. Electromagnetic calorimeters. Classification. Main
characteristics and scope. Hadron calorimeters. Classification. Main characteristics and scope.
Chapter 3. The device is a typical detector for Collider experiment (on the example of the Belle
detector)

CP violation in particle physics. Staged physical challenges for the study of CP-violations. Select the
type of accelerator, the rationale for the selection. The choice of the General scheme of the detector,
study. The choice of technologies used in the Belle detector, the rationale. Particle identification in the
detector is a General-purpose Collider experiments (for example, installation Belle)

Chapter 5. The device is a typical detector for non-accelerator experiment (on the example of the SNO
detector)

Neutrinos, their role in particle physics, especially the interaction with matter. Staged physical
challenges for the study of neutrino oscillations. The sources of neutrinos, the choice of the most
convenient source for measurements. The choice of the General scheme of the detector, study. The
choice of technologies used in the SNO detector, the rationale. Identification signal in the SNO
detector. Protection background

Chapter 6. The device is a typical detector for experiments at a stationary target (for example, the
detector Hera-B)

Differences in experiments at hadron and electron-positron colliders, especially the experiments on a
fixed target. The choice of the General scheme of the detector, study.The choice of technologies used
in the detector of Hera-B, justification. The problem of high downloads for example the detector of the
Hera-b Trigger, trigger technology, performance evaluation.

5. OBPA30OBATEJBHBIE TEXHOJIOI' A

Kypc coctout u3 Tpéx pa3ubix ¢popM oOydeHus: JeKIIUU, CEMUHAPBI U CAMOCTOSTENbHAs paboTa.
Jlekuuu nmpoBOATCS C UCIIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTUM, B T.4. MyJIbTUMEeINIHBIX. Ha
CEMHUHAPCKUX 3aHATHUSX CTYJICHThI PEIAIOT TUIIUYHbIC 3a/1a4M 110 KBAHTOBOM T€OPHUU IOJIA,
MIPOBOJIUTCS paz0op MpakTUUECKHX 3a1a4. [IpeaycMOTpeHO HHINBHIYyAIbHBIE U TPYIIITOBHIE
KOHCYJbTaIK. BO3MOXHO JUCTaHIIMOHHOE OOIICHHE CO CTYyICHTaMH.

6. OIEHOYHBIE CPEJACTBA JIJISA TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTHU,
MPOMEXYTOYHOM ATTECTAIIMA IO UTOI'AM OCBOEHUSA JUCHUILIAHBI 1
YYEBHO-METOJINYECKOE OBECIHEYEHUE CAMOCTOSITEJIbHON PABOTHI
CTYAEHTOB



Pa3paboTanbl KOHTPOJIBHO-U3MEPUTENbHBIE MaTepuaibl il KOHTPOJSl YCIEBAaEMOCTU U
OIICHOYHBIE CPEACTBA ISl ATTECTALMK 110 UTOraM OCBOEHUS AUCIUIUIMHBI (KOHTPOJIbHBIE BOIIPOCHI 110
BCeM paznenam Kypca). [IpoBoauTtcs nHaMBUAyanbHas cjavya JOMaITHETo 3aaHus .

7. YYEBHO-METOANYECKOE U UTH®OOPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCIATIIMHBI
a) OCHOBHAA JIUTEPATYPA:
71.  Particle Data Group, Chin.Phys. C38 (2014) 090001, http://pdg.Ibl.gov/
0) AOIIOJIHUTEJIbHA S JINTEPATYPA:

1. K. T'pynmen, «Jlerekropbl 3JeMEHTApHBIX dYacTuil», HoBocuOupck, «Cubupckuit
xponorpad»,1999
2. K. H. MyxuH, «DKcrnepuMeHTalbHas sJepHas (U3NKay, kHura 2, Mocksa,

OHueproaromusnat, 1993.

B) [IPOI'PAMMHOE OBECITEYEHUE U UHTEPHET-PECYPCBI:

http://www library.mephi.ru/ 6ubmmoreka HUSTY MUOUX

http://www.gpntb.ru/ rocynapcTBeHHas myOiIrYHas HAyYHO-TEXHUUYECKast OnOnroTexaX
http://elibrary.ru/ 6a3a JaHHBIX HAyYHBIX CTaTEHX

8. MATEPUAJIBHO-TEXHUYECKOE OBECITIEYEHUE YYEBHOM JUCIATIINHBI

B xozne npoBeneHus JeKUUA UCTIONB3YETCSA MYJIbTUMEANITHOE 000PYy10BAHHE.

[Iporpamma cocraBiena B cootBercTBuu ¢ TpedoBanusimu GI'OC BIIO 3+ no HanpaBieHusmM
MOATOTOBKH:

14.05.04 «DnexTpoHHKa U aBTOMATHKA (PU3UYECKUX YCTAHOBOK

14.03.02 SnepHast pu3rKa U TEXHOIOTHH.

ABTOp IpOrpaMMBbI:
JlotieHT, K.¢.-M.H. VYrios T.B.
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POHJ OHEHOYHBIX CPEJACTB

2. TUITIOBBIE KOHTPOJIBHBIE 3AJIAHUSA

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

2.1 OHEHOYHBIE CPEJICTBA IJIS TEKYILET'O KOHTPOJIA

Huxe npuBeneH nepedeHb OLIEHOYHBIX CPENICTB, UCIOIb3YyEMbIX MPU MPOBEACHUN KOHTPOJIS
YCIIEBAEMOCTH CTY/IEHTOB.
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[TpoGnemsl, Tpebyrolye nccieaoBaHus MeTogaMH (PU3UKH YacTHUI]

3amauu COBPEMEHHOT0 AKCIIEPUMEHTA B (PH3UKE YaCTHUIL

Tumnsl 5KCIEPUMEHTOB — YCKOPUTENIbHbIE, HA KOCMUUYECKHX JIydax U JIp.
MarepuanbHO-TeXHHUYECKast 0a3a COBPEMEHHBIX SKCIIEPUMEHTOB

HcTounnkuy yacTuig

[IpakTuka co3nanus OOJIBIINX YCTAHOBOK

WuTtepnperanus pe3ynbTaToB

[IpoxoxxaeHne 3apspKeHHBIX 4yacTHIl depe3 BemiecTBO. Monmzanumsa. D¢pdext BaBuiosa-
Yepenkona. [lepexonnoe uzinydeHue.

[IpoxosxaeHne JIeKTPOHOB U (POTOHOB YEPE3 BEUIECTBO. DICKTPOMArHUTHBIE JIUBHU.
[TpoxoxneHne aipoOHOB Yepe3 BELECTBO. AJJPOHHBIE JTUBHHU.

dortoymuoxurenu. Knaccuduxanns. OCHOBHbIE XapaKTEPUCTUKU U 001aCTh IPUMEHEHUS.
l'azoBbie  pmerextopsl. Knaccudukanms. OCHOBHBIE XapaKTEepUCTHKH U 00JacThb
IPUMEHEHHS.

Kpemuuesbie perexkropsl. Kitaccudukanusa. OCHOBHBIE XapaKTEPUCTUKH U 00JIacTh
IPUMEHEHHUS.

JerexkTopsl yepeHKoOBcKoro u3nyudeHus. Kimaccudukarms. OCHOBHBIE XapaKTEPUCTUKU U
00J1aCTh IPUMEHEHUS.

DOnekTpoMarHuTHele KajmopumeTpbl. Kiaccugukanus. OCHOBHBIE XapaKTEPUCTHKH U
00J1aCTh IPUMEHEHUS.

Anponnbie kanmopumeTpsl. Kiaccu¢pukamus. OCHOBHBIE XapakTEpHUCTUKA M 00JacTb
PUMEHEHUS.

CP-napymuienusi, ux pojib B (pU3KMKe YaCTHIL

[TocTanoBka (pu3mveckoit 3agaun mo ucciaeaoBanuto CP-HapymeHuid.

Br16op Tna yckoputens, 000CHOBaHUE BBIOODA.

Br16op o01ielt cxembl IeTekTopa, 000CHOBaHUE.

Br16op TexHo0rHii, npuMeHsieMbIx B ietekrope Belle, obocHoBanue.



93. Nnentudukamuss dvacTui] B JETEKTope oOmero Ha3HayeHUsT B  KOJUIAMIEPHBIX

JKCIepUMeHTax (Ha mpumMepe ycraHoBku Belle)

94.  HeiitpuHo, uX poJib B (PU3UKE YACTHUIl, OCOOCHHOCTH B3aUMOICHCTBUS C BEIIECTBOM

95.  TlocranoBka (pu3MvecKoOr 3aqa4u MO UCCIETOBAHUIO HEHTPUHHBIX OCIIHIUISIIHA.

96. Hctounuku HelTpuHO, BBIOOP Hambonee yAOOHOTO MCTOYHHMKA [UJISI TPOBEICHUS
U3MEPEHHUM.

97.  Boibop oO1ielt cxembl IeTeKTOpa sl U3YUYEHUsT OCIUIUISIINN HEUTPUHO, 000CHOBAHUE.

98.  BriOop TexHONOTHH, NpUMeHseMbIX B ferekrope SNO, o6ocHOBaHHE.

99.  Unentudukamus curHaia B nerekrope SNO

100. 3ammra oT poHA B HEUTPUHHBIX IKCIIEPUMEHTAX.

101. Pa3nuumst B SKCIEPUMEHTAX Ha aJPOHHBIX M JJIEKTPOH-TIO3UTPOHHBIX KOJIIANepax,
0COOCHHOCTH 3KCIIEPUMEHTOB Ha (PMKCHPOBAHHON MUILIEHU

102. BbiOop o0miei cxembl IeTeKTopa Ha (PUKCHPOBaHHOW MUILIEHH, 000CHOBaHHE.

103. BriOop TexHOJOTHI, MPpUMEHsIEMBIX B fAeTekTope Hera-B, obocHoBaHue.

104. TIpoGnema BBICOKMX 3arpy30K Ha nmpumepe nerekropa Hera-B

105. Tpurrep, TpUrrepHbie TEXHOJIOTHH, OIICHKa 3 ()EKTUBHOCTH

QUESTIONS
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. Problems that require the research methods of particle physics

. Tasks of the modern experiment in particle physics

. Types of experiments — accelerator, cosmic rays, etc.

. Material-technical base of modern experiments

. Sources of particles

. Practice the creation of large installations

. Interpretation of results

. The passage of charged particles through a substance. lonization. Vavilov-Cherenkov Effect.

Transition radiation.

9.

10.

11

12.

13

14.

15
16
17
18
19

20.

21

The passage of electrons and photons through matter. Electromagnetic showers.
The passage of hadrons through matter. Hadron showers.

. The photomultipliers. Classification. Main characteristics and scope.

The gas detectors. Classification. Main characteristics and scope.

. The silicon detectors. Classification. Main characteristics and scope.

The detectors of Cherenkov radiation. Classification. Main characteristics and scope.
. Electromagnetic calorimeters. Classification. Main characteristics and scope.

. Hadron calorimeters. Classification. Main characteristics and scope.

. CP-violations in particle physics

. Staged physical challenges for the study of CP-violations.

. Select the type of accelerator, the rationale for the selection.

The choice of the General scheme of the detector, study.

. The choice of technologies used in the Belle detector, the rationale.



22. Particle identification in the detector is a General-purpose Collider experiments (for example,
installation Belle)

23. Neutrinos, their role in particle physics, especially the interaction with matter

24. Staged physical challenges for the study of neutrino oscillations.

25. The sources of neutrinos, the choice of the most convenient source for measurements.

26. The choice of the General scheme of the detector to study neutrino oscillations study.

27. The choice of technologies used in the SNO detector, the rationale.

28. Identification signal in the SNO detector

29. Protection of background in neutrino experiments.

30. Differences in experiments at hadron and electron-positron colliders, especially the experiments
fixed target

31. The choice of the General scheme of the detector fixed target, the rationale.

32. The choice of technologies used in the detector of Hera-B, justification.

33. The problem of high downloads for example detector Hera-B

34. Trigger, trigger technology, performance evaluation

CocraBurenb
JlotieHT, K.¢.-M.H. VYrnos T.B.
3am. 3aBeyroniero kageapou I'paués B.M.

« » 20 1.

Kpurtepuu s aTrecTauum pa3aesion:

MakcumanabHOE KOJIMYECTBO OajuloB, KOTOPOE MOXKET IOJyYUTh CTYIEHT IO pe3yjbTaram
aTTectauu Tekyued ycneBaemoctd, 100 OamnoB. MHUHMMaIbHOE KOJIMYECTBO OaijioB, KOTOpPOE
HEOOXOMMO TMONYYHTh CTYAEHTY JJIS aTTeCTallMM W Ul JIOIyCKa K cade dK3aMeHa mo Kypcey, S0
0asIoB.

OOmast oueHKa oIpeneNnsercss CyMMOW OaijioB, IOJyYEHHBIX CTYyJEHTOM Ha 3K3aMeHe
(MuHUMaNBEHOE KonmuecTBO — 50 OamoB, MakcuMaiabHOe KoimdecTBo — 100 6amioB) M mo urToram

aTTeCTalun TGKYHIGI}’I YCIICBACMOCTH. Hrorosas OICHKA OIIPCACIIACTCA O6H.[I/IM KOJIMYECTBOM OaJIJIOB.

Kpurepun oO1ieit oneHKu:



IIpoueHT pe3yIbTaTUBHOCTH

KauecTBenHast oieHKA
WHAMBHIYAJbHBIX 00pa30BATEIbLHbIX I0CTHKEHUI

(MpaBUJIBHBIX OTBETOB) "
0as1s1 (oTMeTKa) BepOaJIbHbII aHAJIOT
90 + 100 5 OTJINYHO
70 + 89 4 XOPOIIO
60 +~ 69 3 YJOBJIETBOPUTEIHLHO
MeHee 60 2 HE YJIOBJIETBOPUTEIHHO
Onenka Onenka 3K3aMeHa, 3a4éTa

J3K3aMeHa, 3a4€Ta

(TecToBbie HOPMBL: %

TpeGoBanus K 3HAHUAM Ha

YCTHOM 3a4ére
MIPABHJIbHBIX OTBETOB)

(crannmapTHas)

COMIIUYHOY, 90+ 100 % |OneHka «OTIUIHO» BBICTABIISCTCS CTYACHTY, €CIIM OH IITyOO0KO
Y TPOYHO YCBOWJI MPOTPAMMHBIA MaTepHall, UCUEPIIBIBAIOIIIE,
4 MOCJIEI0BATENbHO, YETKO U JIOTUYECKHU CTPOMHO €ro M3Jaraer,
yMEET TECHO YBSI3bIBaTh TEOPHUIO C MPAKTHKOW, HCIOIb3YET B

OTBETE MaTepUaT MOHOTPAPUIECKON IUTEPATYPHI.
«xopowioy, 70 +89% |OneHka «XOpOIIO» BBICTABISECTCA CTYJIEHTY, €CIU OH TBEPIO
3HAeT Marepuai, IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, He

D.CB JIOITyCKasl CYLIECTBEHHBIX HETOYHOCTEHN B OTBETE Ha BOIPOC.
«y0081emeo- 60+ 69% |OueHka «yJIOBJIETBOPUTEIHLHO» BBICTABIACTCS CTYIEHTY, €CIU
PUMenbHO» OH MMEET 3HAaHMS TOJbKO OCHOBHOI'O MaTepuasia, HO He YCBOUJI
ero jJeraiei, JOMyCKaeT HETOYHOCTH, HEJO0CTaTOYHO
ED NMpaBUiibHbIE  (OPMYJTUPOBKU, HAPYIICHUS  JIOTHYECKOU
MOCJIeI0BATEIbHOCTH B W3JI0KEHUN MPOrPaMMHOTO
MaTepuana.




2 Cemectp

3a4eT ¢ OLEHKOM

AHHOTALUSA
W3ydeHune sKcriepuMEeHTaIbHBIX METO/IOB B SIJIEPHOM Pu3nKe

ABSTRACT
Studies of experimental methods in nuclear physics

1. IEJIM OCBOEHUSI YYEBHOM JUCHUILINHBI

HeJ'ISIMI/I OCBOCHHA yqe6H0171 JAUCITUITIIMHBI (MO,ZLYJ'ISI) SABJIAIOTCA OBJIAACHHUC 3HAHUAMU B obmactu
COBpPCMCHHOT'O COCTOSHH A BKCHepHMeHTaHBHOﬁ (I)I/ISI/IKI/I QJICMCHTApPHBIX YaCTHII.

1. PURPOSES OF THE EDUCATIONAL COURSE
The purpose of mastering the academic subject (module) are the acquisition of knowledge in the area
of the modern state of experimental particle physics.

2. MECTO YYEBHOM JUCIHUILIMHBI B CTPYKTYPE OOII BIIO

JlaHHBIN KypC MO3BOJISIET CTYAEHTY NPUOOpPECTH 3HAHUs, HEOOXOAMMBIEC Ui PaboOThl B 00JIacTU
(H3MKN SIIEMEHTApHBIX YacTHIl. Bymyun 3aKI0YUTEeIbHON YacThi0O METOUYECKOTO IIUKIIA, OH 0000IIaeT
BCE 3HAHMS, IOJYYEHHBIE paHee M COCPEAOTAYMBAETCS HAa UX NPUMEHEHMH K TPOLECCY CO3JaHUs
COBPEMEHHBIX yCTaHOBOK. [loilydeHHblEe 3HaHUS SABISIOTCS HEOOXOJUMBIMU JUIS HCCIIEA0BATEIILCKON
paboThl B IPAaKTUYECKHU JTIOOOM HAyYHOM HAIlPABICHHH.

2. THE COURSE IN THE EDUCATIONAL PROGRAM

This discipline refers to the section of specialization.

This course allows the student to acquire the knowledge necessary to work in the field of particle
physics. As the final part of the methodological cycle, he integrates all knowledge previously acquired
and focuses on their application to the process of creating contemporary installations. Acquired
knowledge are necessary for research in almost any scientific field.

4. CTPYKTYPA Y COJAEPKAHUE YUEBHOM TUCIIUILINHBI
Kanennapuslii aH
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Bonpocel aas codeceroBaHuA

IO JUCIHMITIIMHE ((3KCHepI/IMeHTaJIBHbIe METOABI B ﬂuepnoﬁ (l)I/I3I/IKe»

Tema 1. O01mMe NPUHIMIIBI MOCTPOEHHSI 00JIBIIUX YCTAHOBOK.

[Ipobnemsl, TpeOyromme WHCCIeNOBaHUS MeToJaMH (U3WKKA 4YacTUIl. 3aJadyd  COBPEMEHHOTO
JKCIIEpUMEHTa B (PU3UKE YacTHUIl. THIBI SKCIIEPUMEHTOB — YCKOPUTEIbHbIC, HA KOCMUYECKUX JIydax U
ap. MarepuanbHO-TeXHHUECKasi 0a3a COBPEMEHHBIX 3KcrepuMeHTOB. McTtounuku vactui. [IpakTuka
CO3/1aHUA OOJBIINX YCTaHOBOK. VIHTEpIipeTalys pe3ynbTaToB.

Tema 2. MeToauKa COBpEeMEHHOI0 IKCIIePUMEHTA.

[TpoxokeHne 3apspKEHHBIX YacTHIl 4yepe3 BemecTBo. Monuzanms. Dddexkr BaBunoa Yepenkona.
[lepexonnoe n3nydenue. [IpoxoxkaeHne SIEKTPOHOB M (POTOHOB Uepe3 BEIIECTBO. JICKTPOMArHUTHBIC
nuBHU. IIpoxoxaeHue aApoHOB 4Yepe3 BelmecTBO. AJpoHHbIE JUBHU. DOTOYMHOXKUTEH.
Knaccudukamus. OCHOBHBIE XapaKTEpUCTHKH U 007acTh MNpUMEHEHHs. [a30Bble JETEKTOPHI.
Knaccudukamus. OcHOBHBIE XapaKTEPUCTUKH U 00JacTh MpUMeHeHHs. KpemHHeBble AEeTEeKTOpHI.
Knaccudukarnus. OcHOBHBIE XapaKTEpUCTUKU M 00JacTh NMpUMEHEHHs. JleTeKTOpbl YepeHKOBCKOTO
uznyuenus.  Knmaccugukauus.  OCHOBHbIE — XapaKTepUCTHMKM U o0JacTb  IPUMEHEHUS.
OnekTpoMarHuTHele KanopumeTpel. Knaccudukanms. OCHOBHBIE XapaKTEpUCTUKU U 00JIacTb
npuMeHeHus. AJpoHHble KajmopuMmeTpbl. Knaccudukanus. OCHOBHbIE XapaKTEpUCTUKU U 00JACTh
MIPUMEHEHUS.

Tema 3. YcTpoiicTBO TUIHYHOIO JeTEKTOPA JJsl KOJLIAliepHOro 3KcnepuMeHTa (Ha nmpumepe
nerexkropa Belle)

CP-napyenus, ux poisib B ¢pusuke yactull. [loctaHoBka pusnueckoit 3agauu no ucciaenoBanuto CP-
HapyuieHuii. Beibop Tuma yckoputens, o6ocHOBaHUE BbiOOpa. BriOop oOmiel cxembl JeTeKTopa,
obocHoBaHue. BbiOop TexHoNoruii, mpumensiemMbix B aetektope Belle, obocnoBanme. Unentudukamms
YacTHUIl B JIETEKTOpe OOIIEro Ha3HAYeHUs B KOJUIAMJIEpPHBIX dKCIEpUMEHTaX (Ha MpHUMEpe YCTaHOBKHU
Belle)

Tema 4. YCcTpoiicTBO THIHYHOIO I€TEKTOPA IJI1 HEYCKOPHUTEJIBLHOI0 IKCIIepUMeHTa (HA mpuMepe
nerekropa SNO)

Heiitpuno, ux ponb B (u3uke yacTuil, OCOOEHHOCTH B3aMMOJCHCTBHUS ¢ BemlecTBOM. [locTaHoBka
¢u3nveckoil 3amauu MO MCCIETOBAHUIO HEUTPUHHBIX OCHWLIAIMNA. MICTOUHMKH HEUTpHUHO, BBIOOD
HanOosiee yIO0OHOTO WCTOYHMKA JUIsl TIPOBEACHHS u3MepeHui. BwriOop oOmiell cxeMbl IeTeKTopa,
obocHoBaHue. BbiOop TexHomoruii, npumensemsix B nerekrope SNO, obocHoBanue. nentudukanus
curHana B nerekrope SNO. 3ammra ot ¢poHa

Tema S. YeTpoiicTBO THIIMYHOIO AETEKTOPA IJIsl IKCIIEPMMEHTOB HA HeNOABUKHOI MHUIIEHHU (HA

npumepe aerekropa Hera-B)



Paznuuus B sKclepyMMEHTax Ha aJPOHHBIX U 3JEKTPOH-NO3UTPOHHBIX KoJUIaiiepax, 0COOEHHOCTU
HKCIIEPUMEHTOB Ha (PUKCHpPOBAHHOW MUIIeHU. BBIOOp 001Iel cxembl 1eTekTopa, 06ocHOoBaHue. Beioop
TEXHOJIOTHH, TpuMeHsieMbIX B nerektope Hera-B, oGocnoBanme. [IpoGnema BBICOKMX 3arpy3ok Ha

npumepe aerextopa Hera-B. Tpurrep, TpurrepHsie TeXHOJIOTHH, OLIEHKA 3()(heKTUBHOCTH.

Chapter 1. General principles of construction of large installations.

Problems that require the research methods of particle physics. Tasks of the modern experiment in
particle physics. Types of experiments — accelerator, cosmic rays, etc. Material-technical base of
modern experiments. Sources of particles. Practice the creation of large installations. Interpretation of
the results.

Chapter 2. The technique of modern experiment.

The passage of charged particles through a substance. Ionization. The Vavilov Cherenkov Radiation.
Transition radiation. The passage of electrons and photons through matter. Electromagnetic
showers.The passage of hadrons through matter. Hadron showers. The photomultipliers. Classification.
Main characteristics and scope. The gas detectors. Classification. Main characteristics and scope. The
silicon detectors. Classification. Main characteristics and scope.The detectors of Cherenkov radiation.
Classification. Main characteristics and scope. Electromagnetic calorimeters. Classification. Main
characteristics and scope. Hadron calorimeters. Classification. Main characteristics and scope.
Chapter 3. The device is a typical detector for Collider experiment (on the example of the Belle
detector)

CP violation in particle physics. Staged physical challenges for the study of CP-violations. Select the
type of accelerator, the rationale for the selection. The choice of the General scheme of the detector,
study. The choice of technologies used in the Belle detector, the rationale. Particle identification in the
detector is a General-purpose Collider experiments (for example, installation Belle)

Chapter 5. The device is a typical detector for non-accelerator experiment (on the example of the SNO
detector)

Neutrinos, their role in particle physics, especially the interaction with matter. Staged physical
challenges for the study of neutrino oscillations. The sources of neutrinos, the choice of the most
convenient source for measurements. The choice of the General scheme of the detector, study. The
choice of technologies used in the SNO detector, the rationale. Identification signal in the SNO
detector. Protection background

Chapter 6. The device is a typical detector for experiments at a stationary target (for example, the
detector Hera-B)

Differences in experiments at hadron and electron-positron colliders, especially the experiments on a
fixed target. The choice of the General scheme of the detector, study.The choice of technologies used
in the detector of Hera-B, justification. The problem of high downloads for example the detector of the
Hera-b Trigger, trigger technology, performance evaluation.

5. OBPA30OBATEJBHBIE TEXHOJIOI' A

Kypc coctout u3 Tpéx pa3ubix ¢popM oOydeHus: JeKIIUU, CEMUHAPBI U CAMOCTOSTENbHAs paboTa.
Jlekuuu nmpoBOATCS C UCIIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTUM, B T.4. MyJIbTUMEeINIHBIX. Ha
CEMHUHAPCKUX 3aHATHUSX CTYJICHThI PEIAIOT TUIIUYHbIC 3a/1a4M 110 KBAHTOBOM T€OPHUU IOJIA,
MIPOBOJIUTCS paz0op MpakTUUECKHX 3a1a4. [IpeaycMOTpeHO HHINBHIYyAIbHBIE U TPYIIITOBHIE
KOHCYJbTaIK. BO3MOXHO JUCTaHIIMOHHOE OOIICHHE CO CTYyICHTaMH.

6. OIEHOYHBIE CPEJACTBA JIJISA TEKYIIEI'O KOHTPOJIA YCIIEBAEMOCTHU,
MPOMEXYTOYHOM ATTECTAIIMA IO UTOI'AM OCBOEHUSA JUCHUILIAHBI 1
YYEBHO-METOJINYECKOE OBECIHEYEHUE CAMOCTOSITEJIbHON PABOTHI
CTYAEHTOB



Pa3paboTanbl KOHTPOJIBHO-U3MEPUTENbHBIE MaTepuaibl il KOHTPOJSl YCIEBAaEMOCTU U
OIICHOYHBIE CPEACTBA ISl ATTECTALMK 110 UTOraM OCBOEHUS AUCIUIUIMHBI (KOHTPOJIbHBIE BOIIPOCHI 110
BCeM paznenam Kypca). [IpoBoauTtcs nHaMBUAyanbHas cjavya JOMaITHETo 3aaHus .

7. YYEBHO-METOANYECKOE U UTH®OOPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCIATIIMHBI
a) OCHOBHAA JIUTEPATYPA:
106. Particle Data Group, Chin.Phys. C38 (2014) 090001, http://pdg.Ibl.gov/
0) AOIIOJIHUTEJIbHA S JINTEPATYPA:

1. K. T'pynmen, «Jlerekropbl 3JeMEHTApHBIX dYacTuil», HoBocuOupck, «Cubupckuit
xponorpad»,1999
2. K. H. MyxuH, «DKcrnepuMeHTalbHas sJepHas (U3NKay, kHura 2, Mocksa,

OHueproaromusnat, 1993.

B) [IPOI'PAMMHOE OBECITEYEHUE U UHTEPHET-PECYPCBI:

http://www library.mephi.ru/ 6ubmmoreka HUSTY MUOUX

http://www.gpntb.ru/ rocynapcTBeHHas myOiIrYHas HAyYHO-TEXHUUYECKast OnOnroTexaX
http://elibrary.ru/ 6a3a JaHHBIX HAyYHBIX CTaTEHX

8. MATEPUAJIBHO-TEXHUYECKOE OBECITIEYEHUE YYEBHOM JUCIATIINHBI

B xozne npoBeneHus JeKUUA UCTIONB3YETCSA MYJIbTUMEANITHOE 000PYy10BAHHE.

[Iporpamma cocraBiena B cootBercTBuu ¢ TpedoBanusimu GI'OC BIIO 3+ no HanpaBieHusmM
MOATOTOBKH:

14.05.04 «DnexTpoHHKa U aBTOMATHKA (PU3UYECKUX YCTAHOBOK

14.03.02 SnepHast pu3rKa U TEXHOIOTHH.

ABTOp IpOrpaMMBbI:
JlotieHT, K.¢.-M.H. VYrios T.B.
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®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.
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[IpoGiiemsbl, TpeOyrolMe HCCaeIOBAHUS METOJaMU (PU3UKH YACTHII

3aaun COBPEMEHHOT'O SKCIIEPUMEHTA B (PU3MKE YACTHII

THIBI PKCIEPUMEHTOB — YCKOPUTENIBHBIE, HA KOCMUYECKUX JIy4ax U JIp.
MartepuanbHo-TexHHYecKasi 0a3a COBPEMEHHBIX HKCIIEPUMEHTOB

Hcrounnkuy yactuig

[TpakTuka co3anus 00JIBIINX YCTAHOBOK

WuTepniperanys pe3ynbTaToB

[TpoxoxneHue 3apsyKEHHBIX 4YacTUl 4epe3 BeulecTBO. Monuzauusa. Dddexr Bapunona-
Yepenkosa. [IepexonHoe usinydeHue.

[IpoxoxaeHue 31eKTpOHOB U (POTOHOB Yepe3 BELIECTBO. DJIEKTPOMArHUTHbIE JTUBHU.
[TpoxoxaeHne aipoOHOB Yepe3 BELIECTBO. AJPOHHBIC JTUBHHU.

®ortoymuoxurenu. Kimaccudukanns. OCHOBHBIE XapaKTEPUCTHKU B 001aCTh IPUMEHEHUSI.
['azoBbie  nmerektopbl. Knaccudukanusa. OCHOBHBIE XapaKTepUCTUKH U 00JacTh
IPUMEHEHHUS.

KpemnueBsie nerekropbl. Knaccudukamus. OCHOBHBIE XapaKTEpUCTUKU UM 00IACTb
IPUMEHEHHUS.

JetexTopsl uepeHkoBckoro uznyudeHus. Knaccudukanus. OCHOBHBIE XapaKTEpUCTUKU H
00J1aCTh TPUMEHEHUS.

OnexkTpoMarHuTHele KajmopuMmeTpbl. Kinaccudukanus. OCHOBHbIE XapaKTEPUCTUKH U
00J1aCTh IPUMEHEHUS.

Anponnsie kajmopumetpbl. Kitaccupukanms. OCHOBHBIE XapaKTEpPUCTUKH U 00JacTb
IIPUMEHEHHUS.

CP-napymieHusi, ux poyib B GU3HKE YaCTHUII

[MocranoBka (usnueckoit 3aaaun o uccienoBanuio CP-napymeHuit.

Br16op Tumna yckopurensi, 000CHOBaHHUE BHIOOpA.

Br16op o61meit cxembl geTekTopa, 000CHOBaHHE.

Br160p TexHonoruii, npuMeHnsiemsix B aerekrope Belle, obocHoBanue.



128. MWnentuduxamus dYacTUI] B JCTEKTOpe OOIMEro Ha3HAYCHUs B  KOJUIAMIEPHBIX
JKCIepUMeHTax (Ha mpumMepe ycraHoBku Belle)

129. HeiitpuHo, ux poiib B GU3HUKE YACTUL, OCOOCHHOCTH B3aUMOJICHCTBUS C BEILIECTBOM

130. IlocTaHoBka (pU3NYECKO 3a1auM IO UCCIEIOBAHUIO HEUTPUHHBIX OCLUIUIALIMM.

131. MHcrounwku HEHUTpHHO, BBHIOOp Hambonee yJAOOHOrO WCTOYHHMKA [JISI TPOBEICHUS
U3MEPEHHUM.

132. BriOop o01ieii cxembl AETEKTOpa Ul U3YUYEHHS OCHUIUIALNNA HEHTPUHO, 0OOCHOBAHHUE.

133.  BeiOop TexHonoruii, npumensemMsix B ferekrope SNO, o6ocHOBaHHME.

134.  Wnentudukanus cursana B gerekrope SNO

135. 3ammra ot poHA B HEUTPUHHBIX IKCIIEPUMEHTAX.

136. Paznuuust B SKCIEPUMEHTAX Ha aJPOHHBIX M AJIEKTPOH-TIO3UTPOHHBIX KOJIIANepax,
0COOEHHOCTH SKCIEPUMEHTOB Ha (PUKCUPOBAHHON MMILEHU

137. BbiOop o0miei cxembl 1eTeKTopa Ha (PUKCHPOBaHHOW MUILIEHH, 000CHOBaHHE.

138. BwiOop TexHOJOTHI, MpUMEHsIEMBIX B AeTekTope Hera-B, obocHoBaHue.

139. TlpoGnema BBICOKMX 3arpy30K Ha nmpumepe nerekropa Hera-B

140. Tpurrep, TpUrTepHBIE TEXHOJIOTHH, OIICHKA 3(()EKTUBHOCTH

QUESTIONS
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. Problems that require the research methods of particle physics

. Tasks of the modern experiment in particle physics

. Types of experiments — accelerator, cosmic rays, etc.

. Material-technical base of modern experiments

. Sources of particles

. Practice the creation of large installations

. Interpretation of results

. The passage of charged particles through a substance. lonization. Vavilov-Cherenkov Effect.

Transition radiation.

9.

10.

11

12.

13

14.

15
16
17
18
19

20.

21

The passage of electrons and photons through matter. Electromagnetic showers.
The passage of hadrons through matter. Hadron showers.

. The photomultipliers. Classification. Main characteristics and scope.

The gas detectors. Classification. Main characteristics and scope.

. The silicon detectors. Classification. Main characteristics and scope.

The detectors of Cherenkov radiation. Classification. Main characteristics and scope.
. Electromagnetic calorimeters. Classification. Main characteristics and scope.

. Hadron calorimeters. Classification. Main characteristics and scope.

. CP-violations in particle physics

. Staged physical challenges for the study of CP-violations.

. Select the type of accelerator, the rationale for the selection.

The choice of the General scheme of the detector, study.

. The choice of technologies used in the Belle detector, the rationale.



22. Particle identification in the detector is a General-purpose Collider experiments (for example,
installation Belle)

23. Neutrinos, their role in particle physics, especially the interaction with matter

24. Staged physical challenges for the study of neutrino oscillations.

25. The sources of neutrinos, the choice of the most convenient source for measurements.

26. The choice of the General scheme of the detector to study neutrino oscillations study.

27. The choice of technologies used in the SNO detector, the rationale.

28. Identification signal in the SNO detector

29. Protection of background in neutrino experiments.

30. Differences in experiments at hadron and electron-positron colliders, especially the experiments
fixed target

31. The choice of the General scheme of the detector fixed target, the rationale.

32. The choice of technologies used in the detector of Hera-B, justification.

33. The problem of high downloads for example detector Hera-B

34. Trigger, trigger technology, performance evaluation

CocraBurenb
JlotieHT, K.¢.-M.H. VYrnos T.B.
3am. 3aBeyroniero kageapou I'paués B.M.

« » 20 1.

Kpurtepuu s aTrecTauum pa3aesion:

MakcumanabHOE KOJIMYECTBO OajuloB, KOTOPOE MOXKET IOJyYUTh CTYIEHT IO pe3yjbTaram
aTTectauu Tekyued ycneBaemoctd, 100 OamnoB. MHUHMMaIbHOE KOJIMYECTBO OaijioB, KOTOpPOE
HEOOXOMMO TMONYYHTh CTYAEHTY JJIS aTTeCTallMM W Ul JIOIyCKa K cade dK3aMeHa mo Kypcey, S0
0asIoB.

OOmast oueHKa oIpeneNnsercss CyMMOW OaijioB, IOJyYEHHBIX CTYyJEHTOM Ha 3K3aMeHe
(MuHUMaNBEHOE KonmuecTBO — 50 OamoB, MakcuMaiabHOe KoimdecTBo — 100 6amioB) M mo urToram

aTTeCTalun TGKYHIGI}’I YCIICBACMOCTH. Hrorosas OICHKA OIIPCACIIACTCA O6H.[I/IM KOJIMYECTBOM OaJIJIOB.

Kpurepun oO1ieit oneHKu:



IIpoueHT pe3yIbTaTUBHOCTH

KauecTBenHast oieHKA
WHAMBHIYAJbHBIX 00pa30BATEIbLHbIX I0CTHKEHUI

(MpaBUJIBHBIX OTBETOB) "
0as1s1 (oTMeTKa) BepOaJIbHbII aHAJIOT
90 + 100 5 OTJINYHO
70 + 89 4 XOPOIIO
60 +~ 69 3 YJOBJIETBOPUTEIHLHO
MeHee 60 2 HE YJIOBJIETBOPUTEIHHO
Onenka Onenka 3K3aMeHa, 3a4éTa

J3K3aMeHa, 3a4€Ta

(TecToBbie HOPMBL: %

TpeGoBanus K 3HAHUAM Ha

YCTHOM 3a4ére
MIPABHJIbHBIX OTBETOB)

(crannmapTHas)

COMIIUYHOY, 90+ 100 % |OneHka «OTIUIHO» BBICTABIISCTCS CTYACHTY, €CIIM OH IITyOO0KO
Y TPOYHO YCBOWJI MPOTPAMMHBIA MaTepHall, UCUEPIIBIBAIOIIIE,
4 MOCJIEI0BATENbHO, YETKO U JIOTUYECKHU CTPOMHO €ro M3Jaraer,
yMEET TECHO YBSI3bIBaTh TEOPHUIO C MPAKTHKOW, HCIOIb3YET B

OTBETE MaTepUaT MOHOTPAPUIECKON IUTEPATYPHI.
«xopowioy, 70 +89% |OneHka «XOpOIIO» BBICTABISECTCA CTYJIEHTY, €CIU OH TBEPIO
3HAeT Marepuai, IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, He

D.CB JIOITyCKasl CYLIECTBEHHBIX HETOYHOCTEHN B OTBETE Ha BOIPOC.
«y0081emeo- 60+ 69% |OueHka «yJIOBJIETBOPUTEIHLHO» BBICTABIACTCS CTYIEHTY, €CIU
PUMenbHO» OH MMEET 3HAaHMS TOJbKO OCHOBHOI'O MaTepuasia, HO He YCBOUJI
ero jJeraiei, JOMyCKaeT HETOYHOCTH, HEJO0CTaTOYHO
ED NMpaBUiibHbIE  (OPMYJTUPOBKU, HAPYIICHUS  JIOTHYECKOU
MOCJIeI0BATEIbHOCTH B W3JI0KEHUN MPOrPaMMHOTO
MaTepuana.




