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BceneHara, KakTo 1 no3HaBame

COMPOSITION OF THE COSMOS

TeXXKku eneMeHTU
0.03 %

HeyTtpuHa 0.3 %

3Be3amn 0.5%

CBob6oaeH Bogopoa u xenuun 4 %

TbmHa maTepus 23 %

TbMHa eHeprusa 72 %




CBetwT 0K0M0 HAC
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B3aumoaenctaus

EneKkTpoMarHuTHo: Hau-u3cnedesaHomo e3aumodeticmsaue, ceemriuHa, eJfieKmpu4decmeo, eJiIeKmpoHUKa ...., 8
OCHoOeBama Ha riodymu 8cu4Kku mexHosiocuu.

CunHo: B3aumodelicmeusi Ha rMpomoHume u HeympoHuUme 8 si0pomo, eauMoOelicmeusi Ha KeapKume U a/1lyoHume;
Cnabo: EHepausi Ha cribHUEMO, paduoakmueHO pasrnadaHe;
paBuTaUMOHHO: 3adbpxa HU Ha 3emsima, CnbHYe8a cucmema,...

B3anmopgencrTBalim cU YacTuum + NpeHocUTenu Ha B3amMmoaencTeme
CtaHpapTeH Mmoaen Ha enemMeHTapHUTe YyacTtuum
CM He BknouBa rpaButaums!
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CunHo: B3aumodelicmeusi Ha rMpomoHume u HeympoHuUme 8 si0pomo, eauMoOelicmeusi Ha KeapKume U a/1lyoHume;
Cnabo: EHepausi Ha cribHUEMO, paduoakmueHO pasrnadaHe;
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CM He BknouBa rpaButaums!




CTaHﬂ,apTBH M0JEJ1 Ha E/IEMEHTAPHUTE YaCTULIU
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Bunjeaiq AlppwwAs

Tpu noxoeHUS PEPMUOHU:

o KBapku

o JlemTroHMN
YeTupu QyHIaMEeHTATHA
B3alIMOJIEVICTBUSA U TEXHUTE
IIPECHOCUTEIN

o IiryoHu - CHIHO

o  doronu - E1eKTpoMaruuTHO

o W+, W-uZ- Cirabdo

o I'paBUTOH - rpaBUTALOHHO

m He ce pasniexia B CM

Macu Ha yactunure - Xurc 60304 (H)

Te;KKUTe YacTUIIN UMaT KPaTbK KUBOT U
ce pas3najar Ha ApyIry H0o-JCKU YaCTUIIM.

Hue MosKe Ja U3MepUM YaCcTUITUTE B KPATHOTO ChCTOSHUE U JIa T03HAeM (pEKOHCTpyHUpaMe) YacTUIaTa B

HaA4YaJIHOTO CbCTOAHUE.



KokTennHo naptu
Mone Ha Xurc — usnsunBea
usinara BceneHa

VIP nepcoHaTa He npemMuHaBa npes
3anara, a caMmo npaBu Ba)KHO
cbobueHne — LHC koHueHTpupa
eHeprusa B TouKkaTa Ha cOnbCKBaHe Ha
npoToHuTe

VIP nepcoHa npemuHaBa npes 3anarta —
EnemeHTapHaTa YacTtuua B3aumoaemncTBa ¢
noneTto Ha Xurc
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XypHanuctute Gbp3at KbM KM3Xoda 3a aa
npenaaart BakHOTO CbobLieHne — MoneTto Ha

Xwurc reHepupa caMoBb30yXxaaHe — Xurc
6030H

VIP nepcoHaTa npugobuea maca nopaam
CTPYNBAHETO Ha XXypHaNUCTU U 3aTpygHaBaHe Ha
npUaBMXBAHETO — YacTULUTE NpuaoobMBaT maca

lMoneTo Ha Xurc reHepupa cobCcTBEHU
Bb30yAEHN CbCTOSAHMS NPWU KOHLIEHTpaLms
Ha eHeprusa Ha LHC — Habnogasa ce Xurc
— 6030H (perncTpupar ce pasnagHuTe
npoaykT — 2 (potoHa nnun 4 nenToHa ..... )



Bcuuko év6é Bcenenama om 2anakmukume 00 naaHUHUmMe u MoJieKyiiume e u3zpa()eH0 om

K(;apku UJiéenmoHUu.
Ho oanu moea e ecuuxko?
KBapkuTe n NnenToHMTe ca pasnnyHu.

OcBeH TOBa 3a BCEKM TUM YacTuua cbulecTByBa N aHTU4YacTuLUa.
AHTUYaCTUUNTE UMAT CbLUMTE CBOMNCTBA KAaTO CbOTBETHUTE YacTULK, HO nmat NPOTUBOMOJTIOXKHA

3apaau.

THE VORRIR DD ROT S T

Korato B3anMoageuncTBeart 4actmua n aHtTn4actumua 1e Be OPERATING PRODER L\,
aAHUXuUINnpar.
up top
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anti-up annihilation gluon anti-top

http://www.particleadventure.org/antipreface.html



http://www.particleadventure.org/antipreface.html

ﬂucxgemuu cumempuu

,P“ - NMpocTpaHCcTBEHa YeTHOCT, Npeobpa3oBaHMe Ha KoopAMHaTUTe, orfedarnHo oTpaXeHue,
aKkcuManHuTe BEKTOpW 3anasBar nocokata Cu, AoKaTO NOMNAPHUTE 9 MPOMEHSAT NPOTUBOMNONOXHO
,C“ - 3apsoBa YeTHOCT, NpeobpasyBaHe Ha 3apsauTe

.1 — BPEMEHHA YEeTHOCT, O6pbLyaHe Ha NocoKkata Ha BPEMETO e C
Particle Antiparticle
Spin Spin
< ' —
Time Time
Charge Inversion i
- Particle-antiparticle XEL —:E ——————————————————————————————————————
mirror - :'t H
arity .
i CP apyLieHune Ha CUMeTpuuTe
Spatial

mirror

O6wata CPT cumeTpusita ce 3anasBa,

. i Pt Ho cnabuTte B3anmonencTeus
credit: Chris Parkes | ] ‘ ) ' HapywasarT P, a cbLWwo n KOMOUHMpaHaTa
http://slideplayer.com/slide/774084/ CP MHBapPUaHTHOCT



http://slideplayer.com/slide/774084/

MepHHU eTMHIII 1 KAKBO € eIIH eJ1eKTPOH-BOJT |eV]?

Enepzusama, xoamo npuooousa eaekmpon, Koumo ce ycKopasa 6 no.fAemo Ha U3MmouHux Ha Hanpexrcerue

0m 1 GOM.
1TeV =10" eV; 1 GeV =10° €¢V; 1 KeV = 1000 eV

CucreMu 0T MEPHU ¢IMHUIN

BennunHa | SI GCS (gcms) | c=h=1
OumxuHa | [m] [cm] [1/eV]
Bpewme [s] [s] [1/eV]
Eneprus | [J] [erg] [eV]

Mmnync [kg.m/s] | [g.cm/s] [eV/c]
Maca [kg] [9] [eVicT]

[IpumepHo:

Maca Ha eJ1eKTpoHa (e-) 1 IT03UTpoHa (e+)
m, = 9.1x107 [g] (GCS)

m_ = 511 [KeV] (c=h=1)

AKO 3HAaeM KOJIKO € Macara, MOsKE J1a
INO3HAEM KOA € YacTnpnara € TOYHOCT 10
HEHIA CCKRTPUYCCRKRU 3apAI.

[IpumepHo e- U e+ ca dYacTuma "
aHTUYACTHIIA C €IHAKBA Maca, HO C pasJmyeH
eJeKTPIYECKH 3apsil.
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Kost Maca Ha yacTuuaTta UCKame Aa U3Mepum?

.

E = me? g
elat Ic Mass /\A
just Energy in disguise 2 2 \9@
Mass £/ 2 E*=m’c? -
- =

2
mc-1

_ m02c4 + pzcz

= Speed v
or c=h=1 => E*= m_* +p*

m_ - Maca Ha IOKOW Ha YaCTHIATa.

He ce mpoMeHs B pa3IMYHUTE OTIIPABHUA KOOPJAMHATHU CUCTEMMU.

3aToBa ce Hapuya olll¢ MHBApUAHTHA Maca.

AKO 3HaeM MacaTa Ha yacTHIaTa, KOSITO CMe PEerucTpupaJ I, Moske J1a o3HaeM KOs € YacTuIara.
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Recreating the big bang The God particle Where the collision takes place

e VYCKopuTeEI HA 3apeIeHu YaCTUI - B
HAIINS CIy4Yal IPOTOHU
Large Hadron Collider (LHC) 6
Scientists accelerate two beams of protons ® C JI'BCKBAHC Ha qaCTI/H‘H/I - eHepFI/IH Ha

around the 17-mile ring, smashing them together

at 186,000 miles per second. BBaMMOHeﬁCTBHeTO:
Ultimately, scientists i to find in the collision _
;)roc;f]jf?}"?e ngd ;faf‘ti;?egihce :iig(_;s boscoon il?mcsh O E - E(CHOH 1)+ E(CHOH 2)
is thought to give mass to matter
il r e Eneprus na corocoumre Ha LHC 10 2018:

o E=13[TeV]=2x6.5][TeV] (2015 -

2018 T.)
e Haii-BHCOKa eHeprus rmpe3 2022 1 2023
o E=13.8TeV
e [Ipoekrna eneprusa Ha LHC:
o E=14TeV

e Bpwo3Ka (mpeBpblane) Me;Kay eHepruda n Maca: E = me?

e [lIpu cOMBCHKA HA CHOIIOBETE OT IIPOTOHM €€ PAKIAT
MHOTO HOBU YaCTUIIN.

e [lo-Te;KKHTE YaCTUIIM ca HECTAOMUIHU U ce pPasIiagar
OBP30 0 MO-JEKU YACTUIIN, KOUTO MOYKEM JIa N3MEPIM.




MocTpoeH Ha TepuTopuaTa Ha LUBenuapua n dpaHums.
PasnonoxeH e Ha okono 100 m Abnbo4mnHa.
YckopsiBaHeTO Ha CHONnoBeTe ce NocTura 4pes
cucTemMa OT YCKOpUTenu

Ha yetnpu mecta no koHTypa Ha LHC ca o6ocobeHnu
TOYKUTE, KbAETO CE MpecuyaT CHOMOBETE U ce
OCbLLEeCTBABAT KONM3uuTe.

OKono Te3n TOYKN iy Ca Pa3norioXKeHN OCHOBHUTE
aetektopHu komnneken — CMS, ATLAS, LHCb n ALICE

[onemus agpoHeH Konaitaep LHC

CMS

"% North Area

NN

ALIC LHC e

o SPS
) ATLAS

West Area
AD 1

HC-b

T8

CNGS

Towards
Gran Sasso

‘/n-TOF

PS  Proton Synchrotron
SPS  Super Proton Synchrotron
LHC Large Hadron Collider

- protons

antiprotons
- 1ONS » dectrons
neutrons e nEULTNOS

AD  Antiproton Decelerator
n-TOF Neutron Time Of Flight
CNGS CERN Neutrinos Gran Sasso
CTF3 CLIC TestFacllity 3



Baaumogenctsmg - [lpuMep (e nsuepnsa Bevuky Bb3MOXHY Kpaitiu cheTostHmalll)

[MpOTOH-NPOTOHEH CONBCHLK N pakaaHe Ha ABOMKA MIOOHU:
- CunHo B3ammogencTeume

- Enektpocnabo (EnektpomarHutHO & cnabo B3anMoaencTaeme)

[IpoToHn —
Hada.1Ho cbecTogHue

YacTuila-Manka na

aBaTa MIOOHA

JIBa MIOOHA B

KDPAIHOTO
CHCTOSSTHUE

e
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Kak aa u3mepum Macara Ha pasnaZHanara ce yactvua?

Haua/iHo cbeTossHIC:
Yacruna ¢ maca M, enepruda E u nmiryic P

e T BRI m19 El’ pl

29

Kpaiino cberosinme:

YacTuiata ce € pasnajgHaza Ha JIBe
APYrd 4YacTUIM B Macu, €HEeprum u
VIMIIYJICH, CHOTBETHO M, E., p., KouTo ca
ce pasjeTequ egHa CIOpSIMO Jpyra Ha
BI'BJI O

M3noa3BaMe 3aKOHA 32 3alla3BaHe Ha eHepruara u NMITYJICA.

M? = m*+m3+2(E,. E;, —pq. py COS Q)

Maca Ha JyacTtuiara-Manka

18



3aKoH 3a 3ana3BaHe Ha eNeKTPUYEeckus 3apaj

Haga.tHo cbcrosguue:
[IpumepHo: HacTuiia ¢ eJIeKTpuYeCcKu 3apsy Q = HyJ1a.

LTI - m19 El’ pl’ q1+

m29 Ez’ p2 ’ q2_

Kpaiino c¢berostHue:
COOpBT Ha eJIEKTPUYECKATE 3apsAaU Ha IBbIIEPHUTE NPOAYKTH B KPAlTHOTO ChCTOSHNE, TPSOBa
1a O'be TOJKOBA, KOJKOTO € eIeKTPUYECKUAT 3aps/I B HAYATHOTO ChCTOSHUE,
B KOHKpeTHUSI IpUMep TpsSOBa jJa MMaMe JBe YacTUIIM eIHaTa ¢ IOJ0;KUTENEH, a Jpyrara C
OTpUIATEIEH eICKTPUUECKU 3apsI.



Konko yacTuum morar aa ce poAsiT npu coMbCbKA HA NPOTOHUTE?

CMS Experiment at the LNC, CERN
‘ Dala recordad; 2016-0ct-14 09:56:16,733952 GMT

Run./Event /L 31283171./ 142530806 / 254




CMS Experiment at the LHC, GERN
Data recordad; 2018-0ct-14 06
Run./ Eveat /L 31283171,/ 142530806 f

Konko yactuum Morart Aa ce poaaT &
npu cOTbCHKA HA NPOTOHMTE?

4\‘.

KaK}ﬂﬂ«nixopaCMInxmpTaBﬂrOTKpMTmeTo
Ha HOBA YacTUIIA.

KakBa e
TEeNCTBUTEJIHOCTTA.

21



Heka ce orpaHuuyvm camo ¢ HAKOJIKo BUAA pasnajal
3acera ;)

[Ile anaau3upaMe caMo CHOUTHUS ¢ €IUH, IBa NI YeTUPH JEeIITOHA B KPATHOTO ChCTOSHUE.
[Ile ce orpaHIYNM BBPXY CHOUTUATA C MIOOHU 1 €IeKTPOHI.

22



2 leptons events

1 leptons event
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4 leptons events

4
0
e 7
H
g ZO*

V/an

0

I

=

PHoZZ—-p pp'yw
or
PH—-ZZ — (e e ¢ )
or
HoZZ —->(n pwee)
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Pa3naau Ha E/IEMEHTAPHU YaCTULLKY, Pa3iNeJaHN B TO3U YPOK

->>+ ,LH'V

CrouTndg C 1

JCIITOH B

->>+ erv KpaliHOTO

_ CbhbCTOAHUCE
WE- oo
->>+ cv
O ptp- (K8 2p0)
X0 ete- (KO- 2e)
RO prp-ptp- (o B8 4p)
X9 ete-ete-  (wmm K9~ 4e)
X9 utp-ete- (K9 2p2e)

W Zoo

X° - eJIeKTpUYECKU HEYTPAJIHA YACTUIIA
Moske 1a 0'pe Xurc 0030H win 7 0030H 1IN
Apyra 4acTHiia.

He 3HaeM npeau ja onpenaenM HeltHaTa Maca.

CpouTHSA C 2 JIeNTOHA B KpaﬁHOTO CbCTOAHNE

Cpburus ¢ 4 JICIITOHA B KpaﬂHOTO CbCTOAHNE

C’I)6I/ITI/IH, RKOMUTO HE aCOIUMPAME C HUTO €IHa OT 'OPHUTE CXEMU

24



ﬂ,BTEKTODVI W METOAHU 3a U3SMEPBAHE HA Y4CTULIU



CMS DEtector Re Y / Polar angle 8 = angle (Z, Y)

_ 0\_ .
!\'!’ In tan 5 =1 n-Pseudorapidity

Z Lir g , '-'- |

v\ .“ \,

A\ )
. / \
Transversal view \

Azimuth angle ¢ = angle (X, Y)\
\
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Kak ce peructpupa yactmuy cbe CMS

I
Key:

Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
---- Photon

I
e

i
)

Superconducting
Solencid

ConeHounpganeH marHut

Silicon
Tracker

1]

Ess==C | tss=ec

Electromagnet
Calorimeter

Hadron
Calorimeter

Iron return yoke interspersed
th Muon chambers

Transverse slice
through CMS

e Mioonna cucrema (M3BbH MarunTa, B = 1.8 T)
o Perucrpupa ereKTpUYECKU 3apeJeHu YacTHUIM, ITPEeMUHAIN

Ipe3 BCUYKU OCTaHAJIU CUCTEMU U MarHuTa.
Hue npeanonarame, ye B CMS TakmBa Morar jga 0ObIaT caMo

MIOOHUTE

B obema, 3aTBopen ot MaruuTa (B=3.8 T)

e (CUJIMIIMEB JETEKTOP:

o Perucrpupa 1nonajeHus Ha
CJCKTPUYCCKU 3apeaeHu
YaCTUIU.

EJeKTpoMarauTeH KaJaopuMeTbp:

o  Perucrpupa €JIEKTPOHU,
IO3UTPOHU U POTOHU

o Te ormiarar IrbJHaTa
€HepIrus B Hero

AJIPOHEH KaJI0puUMETbP
o  Perucrpupa aapoHu, KOUTO
OTJIaratT II'bJIHAaTa CU €HEePrus
B HEIro

cu

KomOunupame wundopManmaTa
OT  OTJAETHUTE  JIETEKTOPHU

cucreMu!
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OnpeaensiHe Ha UMNyNC 1 3apaj, - BuTpewen Tpexos AeTexTop

e CurHanute OT BbTPELUHMS TPEKOB OETEKTOp, Mo3BonsiBaT Oa ce
PEKOHCTPYUPAT TEXHUTE TPaeKTOPUMN.

e [onemuHaTa Ha 3aKpuBsIBAHE Ha TEXHUTE TpaeKkTopuM nos3sonsisaTt
onpeaensHeTo Ha TEXHWUS UMMYIC.

e Komnkoto no-ronsiM € WMMMYNCbT Ha vacTuuarta, TorkoBa Mo
n3npaBeHa e HeroBaTa TPaeKTopusi.

31



Onpeaenste Ha VIMIWHG I 3apAA - BuTpelweH Tpexkos AGTEKTOP

/'\

- ' \ : ‘;\ ¥ &
hitp. ) tector/t tl YK -t cks f-
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http://cms.cern/detector/identifying-tracks

JleTeKTMpaHe Ha eNeKTPOHU, NO3UTPOHU U BOTOHM
EnextpoMarHuTHa laBuHa BbB BELLECTBO

[1Ba npoueca Ha 3aryba Ha eHeprusa B NNbTHa cpeda 3a ex ¢ E>1GeV nnn poToHu:
e M3NbyYBaHe Ha (POTOH OT 3apedeHa YyacTtuua (NpUMMEpPHO e+ UNu e-) Npu ABWXEeHWe B NoneTo Ha a4po
OT cpefara
® paxpaaHe Ha e+e- ABOWMKM OT POTOH, B MONETO Ha S4p0 OT cpeaara

|

. —
Eory, oy Bog Bosg

L

\£+ ¢y 2 & % B &8 ¥ B Xy Kpucman om onoseH gongpamam u
JlaguHHU ¢homoduoOu, U3ron3eaHu 8
EHeprusaTa Ha 4yacTULATA, MHUINNPAIA ECAL Ha CMS
, JABUHATA € IIPONOPIIOHATHA Ha OPOst
. n3CBEeTEHU POTOHU 3
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absorber plates

ECAL - eﬂeKmpOMaaHumeH / l & }jetelctor planes
kanopumemsbp Ha CMS MR
(8 115180)

hadron

HCAL - adpoHeH
kanopumemsbp Ha CMS
(8 OsicHO)




KanopumeTpuyHa cuctema
extpomartuted (ECAL) n aaponen kanopumernp (HCAL)

f T T em had
Koy - " 2m Tracker calorim calorim
- Muon SEI0000000000900,.°. 55,55, 0 0 5 5 0N it
Electron

Charged Hadron (e.g. Pion)
~ = = - Neutral Hadron (e.g. Neutron)

----- Photon

\ Neutral

Magnetic @
field, 4T

Transverse slice
through CMS

( " k | Neutral' | Rﬁ%? 2




MtooxHa cuctema Ha CMS (Run1 & Run2)

DT (Kamepwu c apendosu TpboM)

current

Gas gap Elcctron

multiplication

HV Al foil

RPC (Kamepu cbC cbnpoTnBmuTENHa niocKocCT)

Dnll hm S
l\mhrum.\

n 0.1 02 03
e 843 786° 73.1°

cathode

! muon
312mm
-~

Eabnnoabon/aloel.na‘ﬂm
E
v

cathode

I

1

T3-temm 4 avalanche

CSC (KaTogHo cTtpunoBu kamepu)

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
67.7° 62.5° 57.5° 52.8° 48.4° 44.3° 40.4° 36.8°

Solenoid magnet

ECAL

Silicon
tracker

M
B cathode with strips

plane cathode

247
| 50 0.77°

o ST




MtooxHa cuctema Ha CMS (Run1 & Run2)

iSpy WebGL

(= ]olien]a]a o]
L

HCAL Endcap (+)

HCAL Endcap (-) ]
HCAL Outer v

HCAL Forward (+) 5 S /

HCAL Forward (-)

Drift Tubes

Cathode Strip Chambers

E RPC

Resistive Plate Chambers (barrel)
Resistive Plate Chambers (+)
Resistive Plate Chambers (-)
Imported
Provenance

Tracking

N3rnen Ha MOOHHaTa cuctema ; :
B iSpyWebGL Nl EREes i

! t

it

s -
¥

in s
in
i

T
T

RPC
Endcap

n:IT?%E;% :: ‘


http://i2u2-dev.crc.nd.edu/elab/cms/ispy-webgl/

PBWICT[JVIpaHB Ha Ml'OOH (e ) | :-Ianpequ pa3pe3 Ha CMS

e CwurHanu BbB BbTpPELLHNUA TPEKOB AETEKTOp U B
MIOOHHUTE Kamepu;

e [loutn He ce HaGnoaaBaT B3auMoaeucTBUA B
KanopumeTpuyHaTa cUCTEMa;

e Wmatr enekTpuyeckm 3apsn M TeXHUTe
TpaekTopum ce WU3KpMBABAT B MarHUTHOTO
none - UamMepBaHe Ha UMNync U onpeaensiHe
Ha 3apsaa;

e [onama NnpoHMKBaLla CMNOCOOHOCT,
npeMuHaBaT Npe3 MarHuTa u uenusa AeTeKTop;

e PaxpaT ce B pe3ynTaT OT pa3nagaHeTo Ha no-
TEXKM YacTuum M HOCAT uH(popmauua 3a
CNy4YBaHeTO Ha MHTEpecCHU cbLouTna -—
NPUMEpHO paxaaHe v pasnag Ha Xurc 6030H.

| | 1 )
3m 5m om 7m

CAL
i |]l Electromagnetic

HCAL - Hadron Superconducting
Iron return yoke Interspersed




JIBXeHne Ha 3dpeAEHa 4aCTlLia B MaTHUTHO M0J1E

C()ﬂeH()I/maﬂHo MATrHUTHO I10JIe TpaeKTOpI/IHTa Ha 3ap€acHa 4daCTUulla C€ 3aKprBAB4A B
MAIrHmTHO II0JIE.

AKO r1egame cpely ImocokaTa Ha MAarHUTHOTO I10J1€,

IIOJOKUTEIHO 3aPEACHUTE YACTUIU 1€ CE€ OTKJIOHABAT 110 II0COKA HA YaCOBHUKOBATA CTPEJIKA,
a OTPUIIATEIHO 3apeeHUTe B 00paTHA ITOCOKA.

B CMS 1mmocoxkaTa Ha MAarHuTHOTO I0JI€ BB BHLTPEIIHOCTTA HA MAarHuTa € 110 I1I0COKa Ha ocTa Z. B
OCHOBHUSI Xy M3IJIeT Ha TpuIosKkeHueTo iSpyWebGl, ocTa 7 e HacoueHa K'bM Ha0II01aTe .
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JlocTaTb4yHO /1M € CamMo eiHO M3MepBaHe?
Xucrorpama
10 17 24 338

Eano ¢cpouTHE HE € JOCTATHYHO.
e To Mmo:Kke ma ObIe CaAyJalTHO. /
e (OcBeH TOBa pa3/MYHUTE YACTHUIM CE PaKIaT e
C pasJnmyHa BEPOSITHOCT. 2
e KOJIKOTO ITO-PAIKO ce paskaa egHa 4acTHIIA, 5
TOAKOBAa TO-TOJIIM Opoll  cHOUTUSA €

Frequency

HEOOXOMUMO Ja aHaJu3upaMe 3a jga o
OTKpUEM.

Xucrorpamara HH IIOKa3Ba C KakBa 4YecToTa

42.31

(KOJIKO 4eCTO) ce CIy4YBa JIaJeHo ChOUTHeE. ’
e DB mammg ciaydail - Kak ca pasipeiecHu

MacuTe Ha  4YacTUIUTE, KOUTO CMe

OTIpeIe/ I
e Haimumero Ha NHK B XHCTOrpaMara €

VKa3aHue 3a JacTHIa ¢ Maca, paBHA HAa

CTOMHOCTTA, TP KOATO HMaMe IIK.
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[pumep 3a pasnpejeneHue no MHBapuaHTHa Maca Ha ABY U
YeTMpU NENTOHHM CbOUTUA ¢ AaHHW Ha CMS

CMS preliminary
L} L} I )

>
. 2.7 (13 TeV) [} i s
> 10 Trigger paths Q) 30 * Data Vs=7TeV:L= 51fb"' o
8 ,ECMms _-— ™ (] my=126 GeV {s=8TeV:L=19.6fb"
= 10° g Preliminary Jy -y ~ B Zy,.ZZ
n _— ) Bl z+X
£ 10° ¢ : N € *
o v - Y = I
> Y B low mass double muon + track g
Ll 107 Bs double muon inclusive LIJ 20 =
®
10° z
10° i I
10* 10 }
10° - |
1 1 1 11 1 | 1 1 1 1 1 | B I 1 1 1 1 1 1 1 1 | I
1 10 10 ' Iy
W invariant mass [GeV] o kit u““

Jla BUjIIM KakKBoO 11ie I0JIy4uTe BUeE. @
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2013 Nobel Prize in Physics Awarded to Francois
Englert and Peter W. Higgs

Frangois Englert

High Energy and Particle Physics Prize
by the European Physical Society 1997 awarded to
P. Higgs, F. Englert and R. Brout

Peter Higgs

Credit: CERN PhotolLab
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aHHu - Kou ca MouTe AaHHM 32 aHanu3 1 KbAe Aa U HaMeps

> C @ O B https://www.i2u2.org/elab/cms/cima-wzh/

-@ ™

UNIVERSITY OF

NOTRE DAME

X/

QuarkNet

% | Q search

CMS Instrument for Masterclass Analysis

Choose your Masterclass

Choose your location

Choose your data file

SampleTables-Jan2021 Trieste2022A 10.1
Kharkov-CMLTP-10Jun2021 Perugia2022 10.2
Medford-15Jun2021 IstanbulOzyegin2022A 10.3
Hammond-24Jun2021 Dimitrovgrad2022 10.4
NotreDame-09July2021 Colmar2022 10.5
CERN-28Jul2021 10.6
CERN-09Jul2021 10.7
VCONF-Stavanger-03Aug2021 10.8
Seattle-10Sep2021 10.9
CERN-Fermilab-HCP-04Sep2021 100.36
Oviedo-120ct2021 100.37
Test-14Sep2021 100.38
CIEMAT-02Nov2021 100.39
Vilnius-03Dec2021 100.41
CERN-03Dec2021 100.42
Sofia-03Jan2022 100.43
Cantabria_2-5May2022 100.44
Viterbo-16Feb2022 100.45
IDWGS-11Feb2022 100.46
CERN-01Mar2022 100.47
CERN-05Mar2022 100.48
CERN-04Mar2022 100.49
CERN-07Mar2022 100.51
ceaoavazozz | CERN-01Mar2022 - IuMuTpoBrpaj o
-15Mar.
cean-imvazoze | CERN-13Mar2022 - [Liesen 100.54
CERN21Mar2022 100.55
CERN-22Mar2022 CERN—17MaI'2()22 - CO(I)I/IH 100.56
CERN-24Mar2022 . . 100.57
CERN-28Mar2022 CERN-21Mar2022 - BapHa 100.58
CERN30Mar2022 100.59
CERN-05Apr2022 100.61

© @

OCHOBHO IIPUJIOKCHUE:
CIMA - link

Campoct tuon Soencss

[\ TEILCHENWELT

N
INTERNATIDN;:‘ ,‘?{J“i

MASTERCLASSES

hands on particle physics

e

International Particle
Physics Outreach Group
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JlaHHu - Kou ca MouTe AaHHM 3a aHau3 U KbJe Aa v Hameps

Choose your data flle

KJINK!

251
25.11
25.12
25.13
25.14
25.15
25.16
25.17
25.18
25.19
25.2
25.21
25.22
25.23
25.24
25.25
253
254
25.5
25.6
25.7
25.8
25.9

V3BajJKu C TaHHU:
e Bcgka u3BajgKa e HOMepHUpaHa c JBa 4ucjia, IpuMepHo 25.13
e BcgKa U3BajKa CHIBPIKA 100 CHOUTHSA;
e [EjgHa m3BajKa ce U310/13Ba OT JABaMa YYeHNKa, IPIMePHO:
o Mapuu oopadboTBa cHOUTHS OT 1 10 50;
o Tabpmerna cpOUTHSI - CHBOUTHUSA OT 51 0 100

PasmnpeneieHeT0 Ha JAaHHUTE MEKIY VUEHHIHUTE IIe Obae
HalpaBeHo B Kpasg Ha BTopaTa cecus C YBOIHU JEKIHUU OT
BOJIENINS Ha JEKIUATA 10 METOTO0JIOTHS.
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Tabnuua 3a aaHHu

3a KOHKpeTHaTa MHINBUIYAIHA U3BaJIKA OT JAaHHU, IIPUM. 25.13
OO0IM XUCTOIPAaMU Ha KJaca - Macu Ha pEKOHCTPYUPAHUTE YaCTUIN
OOmmM pe3yarTaTi Ha Kaaca (KII0Y0BU OTHOLIEHUS U 000011eHIIe)

&« C ® ©] & https://www.i2u2.org/elab, * /cima-wzh/DataTable.php 110% voe % | | Q search in @D ® =
Back Events Table (Group 25.13) Mass Histogram (Plovdiv2021 ~ Event Displa
Masterclass: CERN-04Mar2021 l .
Location: Plovdivz021 Jlunk KbpM event display
Group: 25.13
Select Event Final State Primary State Enter Mass
ev pv Charged Particle: GeV/c?
Eventindex:| 1 + e i W+ W- W+
4e 4p Neutral Particle o
Event number: 25.13-1 (Z, H)
2e2p
Zoo
Event Index Event number Final state Primary state Mass
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Bapesane ma g OcHoBHo npunoxenue - iSpyWebGl

Vv Detector

Pixel Barrel

Pixel Endcap (+)

Pixel Endcap (-)
Tracker Inner Barrel

Tracker Outer Barrel

Tracker Inner Detector (+)
Tracker Inner Detector (-)

Tracker Endcap (+)

Tracker Endcap (-)

g% 1SpyWebGl - link
e%tes OILIaiiH IIPILIOJKEHNE:

BN ¢ Dbyronu sa ynpasiaenue
» [Teomerpuda u gerekropHu cucremMu Ha CMS
e Pexoncrpympanu o0eKTH
[ J

M3mepenu (py3MYHU BEINYNHIA

ECAL Barrel
ECAL Endcap (+)

ECAL Endcap (-)


https://www.i2u2.org/elab/cms/ispy-webgl/

OcHoBHo npunoxenue - iSpyWebGl

PeKoOHCTPYHPAHI 00EKTH U IIBETOBA KOHBEHITIS

e MiooHHU (MIOOHHU TPEKOBE) - YePBEHU
EJIEKTPOHU 1 IO3UTPOHU (€JIEKTPOHHM TPEKOBE) - 3€JIEHO
JInIcBaia eHeprus - JIaBo (PO30BO)
doToHU - 3es1eH0 (0e3 nmonajgeHus B LIEHTPATHISA TPEKOB IeTEKTOP)
AIIPOHU - K'BJITHU KOHYCHU

EJeKTpidecKu 3aps
“+”  AKO TpaeKkTopusATa ce 3aKpHUBSIBAa I10 II0COKA Ha YaCOBHUKOBATAa CTPEIKA
“-”  AKO TpaeKTOpHUSATAa ce 3aKpUBABA 00paTHO Ha ITOCOKATa Ha YACOBHUKOBATa CTPEJIKA

JInricBaia eneprug (B KpaltHOTO c¢’beTossHue) - Missing energy transverse (MET)
Ornpesens ce OT 3aKOHA 3a 3alla3BaHe Ha eHeprusiTa u UMIIY/ICA.

M3rien B pa3jimyHu paBHUHU, 3D u3ries
Taoamia ¢ uaMepeHuTe GU3NIHA BETUYNHU - €HePrus, IMITYJIC, BIVII.

49



3apexaaue Ha gauum B iSpyWebGl - npumep ¢ ussaaxa J13

3apesKiaHe Ha JaHHU
Open File 3oupame gannu ot Web
Open file(s) from the Web I/I36I/IpaMe I/IBBa'D;Ka .
130upamMe JaHHU C HOMED 13

B b=

Browse...

Close

Selected event

Close Load
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3apexxaaHe Ha AaHuu B iSpyWebGl - npumep ¢ u3saka 25.13

Open Event

al,

masterclass2019_1.ig
masterclass2019_2.ig
masterclass2019_3.ig
masterclass2019_4.ig
masterclass2019_5.ig

masterclass2019 6.ig

Events

Events/Run_13/Event 1

Events/Run_13/Event_2
Events/Run_13/Event_3
Events/Run_13/Event_4
Events/Run_13/Event_5
Events/Run_13/Event_6

Events/Run 13/Event 7

¥ Detector U9 CMS Experiment at the LHC, CERN
Data recorded: 2011-May-24 21:42:58.612262 GMT
V' Importdd | Run/Event/LS: 165617 / 75779415/ 62

Selected event

5. Izoupame cpouTue N2 1 (nm N2 50 3a Bropara
I10JI0BHHA OT JAHHUTE);

6. 3apesKaame;

7. Busyanusupane Ha cbOUTHE;

8. 3a 3apeskmane Ha CIeaBal[0TO ChbONTHE U3ITOI3BAIITE
OyTOHUTE Ha NPUIOKEHUETO

iSpy WebGL N25:Events/Run_13/Event 1 (1 of 100)

Event

¢ Tracking
Tracks (reco) [24]
v ECAL

Barrel Rec. Hits [23]

Endeap Rec. Hits [44]

V¥ HCAL

Baskuu ymc/ia npu -
PO0.JIeM N 3aJiaBaHe Ha ppipoc!!!
IT'bJIeH HOMEP HA N3Ba/IKa 1 HOMEP HAa
cpouTHe:

39.7394 0.00076542,0.000367432,0.0379889 -0.312266 -0.712338 50244 37.8176 -12.2086 -30.7634 0

n [) u' “ l e[) H 0 2 )" R l 3 / cz) 6 u "1 ll e )" 48279 0.000765656,0.000366881,0.0380231 297032 -0.195625 49.2396 475726 8.20874 -9.50493 0

% charge p S phl Seta 13 3 3 s 4 calo_energy




AHanu3 - Buj0Be cLoUTHSA - 1Ba MIOOHA B KPAIHHOTO CHCTOSHME

| Invariant mass

| 90.33 GeV

Ul

MIoOHHU TpaeKTOPUH (TPEKOBE)

MIOOHHUTE TpPaeKTOpUU (TPEKOBE) ca OIBETEHU B
YepBEHO.
B uyepBeHo ca IOKa3aHM M MIOOHHUTE CTaHIUM, B
KOWTO Ca 3ace4eHU MIOOHUTE.
1.  OTKpuIu cMme jaBa MIOOHA
2. lIpoBepsiBaMe gajiu ca € IPOTUBOIOJIOKEH
eJIEKTPUYECKU 3apsi]
3. AKO Ja, 3HAYM UMaMe ChOuTHe, KaHaujaT 3a
pasmaj Ha eJeKTPUYECKU HeyTpaaHa JacTulla
Ha JBa MIoOHa (3aKOH 3a 3alasBaHe Ha
eJTEKTPUYECKUS 3apsT)
4. TIpecMmsaTane MacaTa Ha Ta3! YaCTUIIA:
a. IlocaemoBaTeHO M3bUpame ¢ MUIIKaTa
10 BETH'BK BBPXY JBaTa MIOOHHU TPeKa
b. Haruckame KiaBnirbT M (Ha JATUHUIA)
1 ce OoTBaps MpPo30pel] C M3YucIeHaTa
Maca.
3.% AKo 6 0adeHuam caAy4aul, 3apaoume Ha 08amMa MOOHA
He ca ¢ NPomuUBONOA0INCEH 3HAK, 3HAUU UMAME HAKAKGO
0pyzo cvbumue, Koemo He no3HAGAME UAU HE USCAC0GAME
6 MOMEHMA - 0MOEAA3BAME 20 6 MAOAUUAMA KAMO Z00.



AHanu3 - Buj0Be cLoUTHSA - 1Ba MIOOHA B KPAIHHOTO CHCTOSHME
HaHacsane Ha pe3yntature B Tabmuara

Select Event Final State Primary State Enter Mass
ev pv Charged Particle: 90.33 GeV/c?
Eventindex: 1 v 5P 0 up W W- Wi ‘
de 4 © Neutral Particle Next
Event number: 25.13-1 (Z, H)
2e 2y
Zoo
@
@ Event index Event number Final state Primary state Mass
Select Event l Final State Primary State Enter Mass
ev pv Charged Particle; GeV/c?
Eventindex: 2 e b W+
4e 4
Event number: 25.13-2
2e 2y
Event index Event number Final state Primary state Mass
28001 25.13-1 HH neutral 90.33

\J1

OTOera3BaMe 2 MIOOHA
OTOera3BaMe, ye ce e
pasIajgHaIa HeyTpaaHo
eJIeKTpUUeCKa 4acTUIa
BbBexkaaMe HerHara
Maca

BbBekname “Next”
3alunCbT ce IMOsIBSIBA B
TadMnaTa n
IIpeMruHaBaMe K'bM
cJIeIBAIOTO CHOUTHE

_
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AHanus - BUZ0BE CHOUTMSA - 8AMH MIOOH B KpaiiHOTO cheTosHmMe (W-> pv)

N25:Events/Run_13/Event 2 [2 of 100]

. Data recorded: 2011-Aug-06 22:18:23.200186 GMT
S Run/Event/LS: 172822 1724568125/ 1278

Barrel Rec. Hits [12]

¥ Muon

Matching muon chambers [9]
V' Physics

Vertices (Reco) [4]

Tracker Muons (Reco) [1]
Stand-alone Muons (Reco) [1]
Global Muons (Reco) [1]

Jets (Reco) [3]

Missing Et (PF) [1]

24.5584

Jluricsamna eneprus

MrooHHa CTaHISA

»

MioonHa TpaekTopus (TpeK)

MIOOHHHUTE TPAEKTOPUU (TPEKOBE) ca OIBETEHU B
yepBEeHO.
B yepBeHO ca mMoKazaHM UM MIOOHHHUTE CTaHIWIU, B
KOUTO Ca 3aceYeHU MIOOHUTE.
B . miaaBo(po3oBO) e  IIOKasaHa JIMIICBaIjaTa
(Hem3MepeHa) eHeprus, OoIpeaejeHa B HalpedyHaTa
paBuuHa (X, Y)
1. OTkpwm cMe eIuH MIOOH ¢ ToJIMO
KOJIMYECTBO JTUIICBAlA eHeprus ;
2. IIpoBepsaBame eJeKTpUYECKUd 3apsa] Ha
MIOOHA
a. IlogokuTeneH, ako TpaeKTopusTa ce
3aKpUBSBA 110 YaCOBHUKOBATA CTPEJIKA.
3.  Rammgupar 3a pasnag Ha W Ha JBa MIOOH U
HEYTPUHO
a. EjaekTpuyeckusaT 3apsj (Ha MIOOHA) B
KpPallHOTO CbCTOSAHUE = €JeKTPUYECKUSA

3apsir Ha W.
i. (3amasBaHe Ha eJIeKTPUYECKUS
3aps).

b. B To3m cayyaii He ce mpecMaTa
pPEKOHCTPYyUpaHaTa Maca.

5
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AHanu3 - BUz0Be cbouTiSA - €AMH MIOH B KPaiiHOTO CheTosiHMe (W-> uv)
Hanacawe Ha pesyntatute B Tabanuara

3*

Select Event

Eventindex: 1

Event number: 25.13-1

Final State
ev
ee
4e
2e 2y

O uv
HH
4y

P
©

Primary State

Charged Particle:
0o W+ W-

Neutral Particle
(Z,H)

Zoo

Wt

Enter Mass

GeV/c?

B

1.  Ordenrsg3BaMe MIOOH 1 HEYTPUHO B KPAaTHOTO CHCTOSTHIE
2. OroerssBame W+ Ha4aIHOTO C'hCTOSIHUE

a.

oW

5. 1 KBM ciaeaBamoTo chbouTue ...

+ e ompeJie/IeH OT 3apsa1a Ha MIOOHA
(*)AKO He cMe CUTYPHU 3a 3apsa, mocoupame W+-
BobBe:xkaame “Next”
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Ananus - BuoBe cLoutus - 4 miooHa - (X°-> 4p)

X° - HAKaKBa eJIeKTpUYeCKH HeyTpaaHa yactuia. Moske ga e Xurc (H) wiu Z nium apyra.
MosKe j1a oIIpeae M KakBa € caMo ako IpecMeTHeM HellHaTa Maca.

> Detector

Invariant mass
v Imported

¥ Provenance 244.31 GeV
Event
v Tracking

Tracks (reco.) (58]

’ ECAL

Barrel Rec. Hits [56]

0.000719479,0.00061695,-0.000146105

0.000465658,0.000: 6,0.000137961

0000722648, 00206043

[IpoBepABaMe 1aau cymaTa OT 3apsja Ha YeTUPUTE MIOOHA € HY.JIA.
AKO 11a - mpecMsTaMe MacaTa Ha yacTUIaTa-MallKa:
o l3bupame (KIMKBaMe) OCIEIOBATEIHO YeTUPUTE MIOOHU TPEKA U HAaTHUCKaMe Kaasuia M oT
KJIaBuarypara (Ha JaTUHULA).
HanacsaMe pesyaraTure B TadIuIaTa.
[Tponeaupame 1o ChbUIMSA HAYNH U 38 CHOUTUSA 0T TUIA: X° » 4€ WM X»2u2€e. BIK, IpUMepuTe Ha
cJeaBalns CIAnI
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Ananus - BuoBe cLoutus - 4 miooHa - (X°-> 2e2p)

CMS Experiment at the LHC, CERN
Data recorded: 2012-Sep-16 03:46:07.736311 GMT
Run / Event/LS: 202973 / 779714361 / 839

[IpoBepsiBaMe IIOOTAEIHO JaIu OO 3aps/L Ha JBOMKaTa eJIEKTPOHH U IBOMKAaTa MIOOHU € HYJIa. AKO
J1a - mpecMgTaMe MacaTa Ha yacTUIaTa-MallKa:
o l3bupame (KIMKBaMe) MOCIEIOBATEIHO YeTUPUTE TPeKa (2-Ta 3e/1eHU Ha eJIEKTPOHUTE U 2-Ta
yepBeHH Ha MIOOHNTE) U HATUCKaMe KJIaBuiia M oT KiaBuarypara (Ha JaTHHUIA).
HanacsaMme pesyrraTture B Ta0IMIaTa.



Ananus - Bugose cuoutus - 4 MiooHa - (X°-> 4e)

Endcap Rec. Hits [569] S CMS Experiment at the LHC, CERN
Data recorded: 2012-Sep-03 20:34:26.557813 GMT

et e B KOHKpeTHHUS cJaydal
e B i Ma 5 PEKOHCTPYUPAHU
Barrel Rec. Hits [73] e JIGKTpOHa.

B d e OnpeneasHeTo Ha TEXHUA
T | 3aps/1 He BUHATH € JIECHO.
vertss o) 2 e Kou TOYHO 4 €JIEKTPOHHU
. S TpeKa 1a usbepem?

e N S e Jlpyr KpuTepun -
Misig 17 (1) n3doupaMe II'bPBUTE 4 C
Hall-BUCOK HarpedyeH
mmryic (pT).

¥ Muon

$pt $eta 4 phi 4 charge $ pos < dir

53.129 -0.674531 -2.52053 0.000706739,0.000619119,0.0191476 -43.2077,-30.9157,-38.6172
78.8461 -0.535853 -0.91524 0.000686163,0.00062408,0.0191225 48.0646,-62.502,-44.3011
28.458 -0.0092338 -1.49761 0.000751479,0.000636563,0.0192094 2.08098,-28.3818,-0.262779
48.4797 -1.25421 1.39932 0.000725999,0.00062776,0.0191008 8.27262,47.7687,-78.0471

14.0447 1.70301 227596 0.000675678,0.000612455,0.0192387 -9.10323,10.6951,37.2768

e lIMnyiacuTe HAa YACTUILIATE CE IOKA3BaAT B Ta6JII/IHaTa 110/, C'I)6I/ITI/I€T0, NJIN dKO KJIIMKHETE BHPXY
CbOTBETHUA TPER.
e Macara na qaCTMHaTa—MaﬁKa Ce IIpeCcMATA 110 B€UE 00sICHEHUSI HAYMTH.



Ananu3 - sugose cboutus: (W-> pv) nam (W-> ev)

iSpy WebGL N25:Events/Run_13/Event_20 [20 of 100]

DEODECRE 1 0 8000

CMS Experiment at the LHC, CERN
Data recorded: 2011-Aug-06 22:18:32.522046 GMT
v ECAL 1| Run/Event/LS: 172822/ 1725059575/ 1278

Tracks (reco.) [90] [ |

Barrel Rec. Hits [451]

Endcap Rec. Hits [162]

¥ HCAL

Barrel Rec. Hits [37]

¥ Muon

Matching muon chambers [12]
v Physics

Vertices (Reco) [6]

Electron Tracks (GSF) [1]
Tracker Muons (Reco) [1]

Stand-alane Miinne (Rern) 11

< phi spt $px spy

2.86672 43.8921 -42.2444 11.9134

3a KpaltHoTO C'hCTOHIE (MIOOH 1 JIUTICBAIA eHeprus) Wan (eJIeKTPOH U JTUTICBAIlla eHeprus) n3dupame
JIEIITOHA € TT0-roaaM HanpedeH umiryic (pT).



W. Z unu Loo?

7.00 - CbOUTHUSA, KOUTO He MOyKe Ja KiIacuduiiupaMe KbM HUTO €IHA OT CXeMUTE Ha pas3najl, KOUTO
n3c/IeaBaMe

CMS Experiment at the LHC, CERN
Data recorded: 2011-Aug-06 22:18:29.734087 GMT
| Run/Event/LS: 172822/ 1724911949/ 1278

CMS Experiment at the LHC, CERN
Data recorded: 2011-Aug-06 22:18:29.734087 GMT
) Run/Event/LS: 172822/ 1724911949/ 1278

[TpoBepsBa ce 3apsiaa Ha MIOOHUTE - U IBaTa U3IVIEKIAT ¢ OTpUIaTe et 3apsi!

[IpoBepsaBamMe HAIPEYHUTE UMITYICK HA MIOOHUTE U JIUIICBAIATA CHEPIU.

[IpoBepsaBamMe 3a HAJIMUME HA CUJIHA QJIJPOHHA AKTUBHOCT.

B3umamMme pelreHue - ako He cMe CUTYPHH, B Ta0IUIIaTa ¢ pe3yaITaTuTe oToe1I3BaMe CbOUTHETO KaTo
7.00 .
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DoToHu

AHAIM3BT HA CcpOUTUI C
¢doToHn He BIMU3a B TOBa
yIIpa;KHEeHNe.

Ho e 1o0Ope Ja ce 3Hae, KAKBO He
pasriIesKIaMe.

dorToHUuTE ca BHU3yaJIU3HPAHU
KaTo 3eJeHH TPEKOBE, KOUTO
odaue He ca perucTpupaii BbB
B'bTPEHIHUSA TPEKOB J1€TEKTOP.
[IpuMepBT OT JIIBO IOKa3Ba JIBa
¢doToHHHU, €IUH MIOOHEH TPEK U
JIMTICBAIIA eHeprus.
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“II3yncTBane” Ha cbouTMETO - pasrnexame caMmo HeobxoaMMoTo

OpankeBU KOHyCU - AJpOHHA
AKTUBHOCT B KaJOPpUMETPUYHATA
CUCTEMa;

He ce pasmmekga B ToBa
VIIpayKHEHUE;

Caen Karo ce M3KI4Yar o7
aHa/M3a, Cce BIDKIa cbhouTue
KaHIUAAT 3a pasmajg Ha Z » LU




“II3yncTBane” Ha cbouTMETO - pasrnexame caMmo HeobxoaMMoTo

iSpy WebGL E— N25:Events/Run_13/Event_3 [3 of 100 Cﬂeﬂ N3KJIOUBAHE HA U3JIUIIIHUTE O6eKTI/I’ ce
R | o - BIDK/IA YNCTO CHOUTHE, KAHIUIAT 3a pasnajl
’ HaW » ev
EEEEE - EJeKTpOHHUTE TPEKOBEe ca IOKa3aHu B
i 3€JICHO.
N3Krmoun f )
Tracks (reco) ! B smmi1aBo - JincBamara eHeprusi.
v :Je e e]=]=]:[= NS

xperiment at the LHC, CERN
i -40:1

Tracks (reco.) [66]
-5.30885 -26.3284

v ECAL

Barrel Rec. Hits [45]

Preshower Rec. Hits [42]

Endcap Rec. Hits [218]

v HCAL

HpI/IHOKpI/IBaT TpeKOBeTe’ Barrel Rec. Hits [14]
KOUTO HU wuHTepecysar. lIpocTto ru B
U3KJII0UECTE.

8888888888888888



[lonesHu Bpb3Ku

IPPOG Collaboration - activities
IPPOG Collaboration Meeting in Sofia, Bulgaria - program
International MasterClasses - URL
CIMA Table - URL
iSpyWebGL - URL
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https://ippog.org/events
https://indico.cern.ch/event/1265536/
https://physicsmasterclasses.org/index.php
https://www.i2u2.org/elab/cms/cima-wzh/index.php
https://www.i2u2.org/elab/cms/ispy-webgl/

bnaroaaps 3a BHMMaHueTo!



JlonbiHUTENHW CnaiaoBe
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Keapkoe cmpoesic na adponume

B cpepata Ha MuHanusa Bek, ydeHUTe oTKpuBaTt CTOTULUM HOBM YacTuun. Mbpu 'en-MaH
(Murray Gell-Mann) n [bxopgx LBanr (George Zweig) usrpaxpar TeopusitTa 3a
KBapKOBUA CTPOEX Ha agpoHuTe, KaTo npegnorarart, 4e BCUYKM Te3n YyacTuum morat aa
6baat 0b6sACHEHN KaTo KOMBUHaLMS eOUHCTBEHO Ha Tpu dyHAAMeHTanHM YacTuum, KouTo
.\ Te HapuyaT KBapKu. Te nocTynupart ApobeH enekTpuyeH 3apsia Ha KBapkute. PasnuyHu
‘ KOMOMHaUMN OT TPU KBapKa MU3rpaxpaAaT fanunuura a vamBuuanuute OT fBa
KBapKa usrpaxagaTt Me3OoHU. | Atomic Nuclei = Combinations of Quarks|

Murray Gell-Mann

Mo-HaTaTbLlHUTE eKCnepuMeHTU NoKa3BearT, 4Yeé BCHLWHOCT Baryons = particles made of 3 quarks

afpoHWTe ce U3rpaxaar He OT TPW, a oT 6 kBapka. rotm
up quark

down quark

charge = +1 (2/3+2/3-1/3)
neutron —— charge = 0 (2/3-1/3-1/3)
Mesons = particles made of 2 quarks

down antiquark

charge =+1 (2/3+1/3)

‘What binds quarks together?

strange . WW

up quark gluon down quark

the strong force carried by gluons



Keapku, 2ivonu u ueemen 3apso

CunHuTe B3aMMOOENCTBUS 3aabpiKaT KBapkuTe 3aedHO B agpoHuTe. [NpeHocuTennte Ha cumHuTe
B3aUMOZENCTBMS Ce HapuyarT rMyoHu (0T aHrnuinckata gyma glue - nenuno).

KBapKI/ITe n rmyoHnTe MmMmat UBETHU 3apsaan. KomnoautHute Yactuum, n3rpageHn oT KBapkKu
ca UBeTOBO HeyTpalriHWU. Ll,BeTHI/ITe 3apaan u B3aMMOOEUCTBUS ce ObpXaT pas3fiimdyHo OT
€JIEKTPOMAarHnTHUTE. KBapKI/ITe HEe Morat pfa cCbuectsyBar WHOUBUOYAITHO. I'IpM onnuTt Ada
pasganiednm gBa KBapka, CUiiHaTta Ha UBETHOTO B3anMoOenCTBmne HapacTBa U 3a4bp’Ka KBAPKNTE B
TakKa Hape4deHUA KBapKoB 3aTBOP.

Ilapmonu -- Keapku + 21YoHU

Hoeume adponu, pooenu npu mo3u npouec (a0ponu3ayus)
ce zpynupam no HAanpaeéieHue HA UMNYICcCA HA BUCOKO
eHepzemuyHume Keapku — oopazysam ce ,,a0poHHU cmpyu“
Koumo ce pecucmpupam 6 0emeKkmopa

- QQQQQQQ ,." —

~—40000000 7 — 410000000 £ — ~—40000000 7 — 410000000 * —

Hadron Jet



Bcuuko év6é Bcenenama om 2anakmukume 00 naaHUHUmMe u MoJieKyiiume e u3zpa()eH0 om

K(;apku UJiéenmoHUu.
Ho oanu moea e ecuuxko?
KBapkuTe n NnenToHMTe ca pasnnyHu.

OcBeH TOBa 3a BCEKM TUM YacTuua cbulecTByBa N aHTU4YacTuLUa.
AHTUYaCTUUNTE UMAT CbLUMTE CBOMNCTBA KAaTO CbOTBETHUTE YacTULK, HO nmat NPOTUBOMOJTIOXKHA

3apaau.

THE VORRIR DD ROT S T

Korato B3anMoageuncTBeart 4actmua n aHtTn4actumua 1e Be OPERATING PRODER L\,
aAHUXuUINnpar.
up top
» P <
/ \ =
anti-up annihilation gluon anti-top

http://www.particleadventure.org/antipreface.html



http://www.particleadventure.org/antipreface.html

Cumempuama Kamo 00eOUHAAW, NDUHUUN

Emu Hootep (Emmy Noether)
Bpb3ka mexay rnobanHute CMUMETpUM U 3aKOHUTE 3a 3ana3BaHe

XOMOreHHOCT Ha NPOCTPaAHCTBOTO
TpaHcnaumsa BbB NPOCTPAHCTBOTO (X->X+AX) — 3aKOH 3a 3ana3BaHe Ha UMMNYIICa;
O6wara nHepumsa Ha egHa U3onuMpaHa cMcTemMma e KOHCTaHTa, unum dp/dt=0

4
wd

EpnHOpOAHOCT Ha BpemeTo p—
TpaHcnauusa BbB BpemeTo (t->t+At) — 3akoH 3a 3ana3BaHe Ha
eHeprusaTa;

EHeprusita Ha eqHa n3onupaHa cucTemMa e KOHCTaHTa, Unu

dE/ N

= g Mxm_
V
Same law of physics

(Eﬁ'e’:';;zf,ﬁ:"wﬁr‘;m <“— Noether's thearem

M30TPONHOCT Ha NPOCTPAHCTBOTO
PoTtauusa BbB NPOCTPAHCTBOTO — 3aKOH 3a 3arna3BaHe Ha bINoBUS MOMEHT.
OOWMAT BINOB MOMEHT Ha e4Ha U3oIMpaHa cucTtemMa e KoHcTaHTa, unu dL/dt=0,

kbaetolL=3L,aL. =r xp,




Cumempuama Kamo 00eOUHABAW, NDUHUUN
Juckpemnu cumempuu

,P“ - MpoCTpaHCTBEHA YETHOCT, NPeoBpa3oBaHNe Ha KOOPAMHATUATE, OrMeAanHO OTPAXKEHME,
aKkcuManHuTe BEKTOpM 3anasBar nocokata Cu, AoKaTO NOMNAPHUTE 9 NMPOMEHSAT NPOTUBOMNONOXHO
,C" - 3apsgoBa YeTHOCT, Npeobpa3yBaHe Ha 3apsauTe C
,1 — BPEMEHHA YETHOCT, ObpbLLAaHe Ha NocokaTta Ha BPEMETO e

Particle Antiparticle
- — —

Spin Spin
< [ —
Time Time

Charge Inversion i

- Particle-antiparticle XEL E ——————————————————————————————————————

mirror e

Parity CP HapyweHue Ha cumeTpunTe:

Inversion
Spatial
mirror

|

O6wata CPT cumeTpusita ce 3anasBa,

RS> ooV Ho cnabute B3aMMoaencTBus
credit: Chris Parkes HapyuwaBaT P, acbloM KOM6VIHVIpaHaTa
http://slideplayer.com/slide/774084/ CP WHBapPWaHTHOCT



http://slideplayer.com/slide/774084/

Cmanoapmen mooen Ha eiemMeHmapHume 4acmuuu

Lr— ZE,: (z‘ryuap —m; — 92?;}5) (N Higgs Interactions
g Te 5 + + — —

—e> Gl

Weak Charged Interactions

— I . (dE, — dYy®); Electromagnetic Interactions
2 cos Ow ;1/)2"7 (dy — duY’ )i Z,,

http://pda.lbl.gov/ Electroweak Neutral Interactions



http://pdg.lbl.gov/

Excnepumenmanna npoeepka na
Cmanoapmuus Mooen u nosu enemenmapHu
yacmuyu ¢ excnepumenma CMS na LHC

[paHMua Ha HaleTo
no3HaHue 00 A-Hec

Magnetism

QED Electro

Magnetism
Maxwell

Long range

Electrici

Electroweak
T

Particle Daa Group, LBNL, @ 2000, Suppores Model o
o 4 Weak Theory Weak Force
. - (>") Standard Short range
Unification 8 model

QLésarr:\‘/Ji?; QCD Strong Nuclear Force
Strings? =l Short range
__Super Kepler Celestial

Unification -
Universal! Gravity

G itati Long range
ravitaton .
Einstein, Newton Terrestrial

Galiei Gravity
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0606weHue Ha pe3ynTaTute U noAroToBka 3a dpuHanHara auckycus ¢ LLEPH u
APYTUTE MEXYHAPOAHM Y4aCTHULIM

e VueHuuuTe padOTAT MHANBUIYAIHO. Ho mMaT 0011 pe3yaraTu!
m Pasmnpenenenue o Macu Ha peKOHCTPYUPAHUTE YACTUII:
e KaxkBo 3Hauu, KoraTo HaOJ0IaBaMe MK B TAKUBa pasIpeaeaeHns?
e Ko0JIKO KA U IIpU KAKBU CTOMHOCTH ce Ha0/Io1aBaT?
e Jlpyru BbOpoCU, BB3HUKHAIM B IIpolleca Ha padbora.
m KI049oBU OTHOIIEHNA MEKIY:
e OpOMU YaCTUIU C +/- eJIEeKTPUUCKU 3apsI:
o KakBo e HalieTo o4akBaHe 3a TOBa OTHOIIEHIE U aKO Ce pa3/InyaBa C
ITOIYUEeHUS pe3yaTar, 3aio?
e OpOU MIOOHU 1 OPOU €JIEKTPOHU:
o KakBo e HanieTo oyakBaHe 3a TOBa OTHOIIEHIE U aKO Ce pa3/InyaBa C
IIOIYUEeHUS Pe3yaTar, 3a1o?
o JIpyra BBOpOCU, Bb3HUKHAIU B IIpolieca Ha padoTa.

e Iloaroreere 1peaBapuUTEIHO KPAT'bK CIIMCHK OT BBIIPOCU, KOUTO YYCHUIIUTE UCKAT A 3a1a4aT
Ha Mmoaeparopure oT LIEPH, KakTo CBBbp3aHU € YIIPAKHEHUETO, TAKa U U3BHH HETO.



[lonesHun Bpb3Ku

Biieo - Kak ce aHaIm3upar JaHHUTE B TO3U VPOK ( 4 MUHYTHU - Ha aHIJIMMCKN)
Taoauma CIMA
iISpyWebGl

WZ7H measurement

IPPOG

International Masterclasses

Quarknet

CERN Open Data Portal
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https://www.screencast.com/t/lFq86uolB
https://www.i2u2.org/elab/cms/cima-wzh/
http://www.i2u2.org/elab/cms/ispy-webgl/
http://cms.physicsmasterclasses.org/pages/cmswz.html
http://ippog.org/
https://www.physicsmasterclasses.org/
https://quarknet.org/
http://opendata.cern.ch/

Excnepumenmem CMS (Runl&2) D owarTeN . T Anponen kanopmmerup - T |
(Komnakmen mwoHeH co1enouo)

. KpucTanu ot onoseH
LBofichpamat

' TMN caHABUY

: CTOMaHa(B LieHTpanHarta 4acT)

' UAIN MECUHI(B 3aTBapsiLUUTE YacTy)
! M NNacTMacoBM CLUMHTUNATOPW

; Cynepnpogogsila HaMoTRa e Wi, .~
i MarHuTHO none: "7 mamamn e }
! 3.8 T BbB BbTPELLHOCTTA, I f < _\‘\‘.\* ''''
. 3aTBQPEHA QT MarHuTa. . _. { ‘v‘\v\\ 1\

~1.8 T 3BBH MaruuTa : \\/‘:g\'r Y

g, 8 7 T V' 4 XeneseH xaMyT Ha
Qe . __— AeTeKTOpa;

Mpe3 Here ce 3aTBapAT
MarHMTHUTE CUNOBU NIUHUMN.

i BbTpelueH TPeKOB AETEKTOp — ABE€ OCHOBHU
! cucTemm:
i Cunuumes NUKcenoB AeTeKTop

: CMnMumeB MUKPOCTPM
i o ! _ - MIOOHHa cUCTeMa — |
! o === | Y 3aTBapALLM YaCTH: |
: T4 — | % 2 |
i et - : B g KaTogHu cTtpunosu
oy : | : ¥ § KaMepM (csc) |
' i FStrips Kamepm cbe
: SO s O OSSR ChOPOTMBUTENHA .
Terno 125t ! i
OunameTbp 15 m : i nnockoct (RPC)
n'bﬂ)KVlHa 21.6 m L i mimimimimimimem e ] ! 77




HCAL- HCAL+

CSC|& RPE - CSC& RPC +

/ Pixel & tracker

HCAL Forward - | il 31 -} | HCAL Forward +

3abenexka: He ca NoKa3aHW BCUYKM OETEeKTOPHU Crioese, 3a a He ce npeTpynsa durypara.




