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1.Cmanoapmen Mooen éve @uzukama na Enemenmapnume 4acmunu
1.1 Cumempuama kamo obeounaeauy RPUHYUN
1.2 Cunu na e3aumooeiicmeue u cumempuu
1.3 Cnonmanno napywenue Ha cumempuume

2. Omeopenu evnpocu npeo Cmanoapmnua Mooen

Kax ce onpedensm macume na e.u.?

3611/{40 umame 3 ceHepayuu Ha e.4. U KaKk apomamunie Ha KeapKume u
HeympuHama ce cmeceam?

Cvomnowenue mamepus/anmumamepus 6b8 Bcenenama u épwvska ¢ CP
Hapyuwenue 8 Cmanoapmuusi Mooen?

Om raxeo e cocmagena “mvmHama mamepusi” u “muvmHama ewepaus’’ 6b8
Bcenenama?

Cvwecmsysam au Opyau sudose cumempus Ha en.v. —,,Cynepcumempusn“?

3. Excnepumenmanna npoeepka na Cmanoapmnuusa Mooen u nosu
enewenmapuu yacmuyu 6 exkcnepumenma CMS na LHC
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Cmanoapmen Mooen 6ve6
Quszuxkama na Enemenmapnume
Yacmuyu - (CM)

[lpOTOH CM onwucBa B3auMMOAENCTBNETO
1.27 GeV 171.2 GeW
Maca 1.7x1027Kr. Ha efleMeHTapHUTe YacTuum %
v 14
3apag +1 3 ABOUNKU KBApPKK - s

(u,d), (c;s), (t,b) .

OXO,
HeyTpoH 3 ABOMNKM NENTOHMU - ;s
Maca 1.7X10-27Kr. . @ (e,Ve), (I"l’vu)' (T’VT) strange
3a pAaa 0 3 cunu <0.17 MeV
. - EnektpomarHutHum (y) S@Ve ;Vp

= Cna 60 B3a MMOAeVlCTBme (VV,Z), r?ilaeucttrri%% nngjliﬁrr]lo neutrino

|- '
~  like charge repulsion

EneKTpOH - CunHo B3a I/IN\O,EIIEI‘/JICTBME (g) 0511 Mev [l 105.7 Mev [ 1.777 Gev
M . T o -1 - -1
aca 0.0005 o - Mone Ha Xurc —ypes 5 S b |
3apsaa -1 yacTuumTe NpuaobmsaTmaca 1253 GeV
0
HeyTpuHo 0D "0 o H
-11 0 Higgs
Maca 10** oT macaTa @ boson
Ha NpoToHa, 3apaa 0 & < > Feynman diagram for

time

A line which begins and ends

Enemenmapnume Yacmuyu

space
6 Hauemo éceKuonegue for particle ? in the diagram represents a
' *virtual particle”. In this case
it1s a virtual photen

Solid line
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Cmanoapmen Mooen éveé @uzuxkama na Enemenmapnume 4acmuyu -
Cumempusama xKamo o0eOuHaeawy NPUHYUN
T

Cumempusima e 80dew, hpUHUUN 88 dusukama Ha @ i @
eAeMeHmapHume uacmuyu — npes 1918 2. bewe nokasaHa B

BPB3KAMA HA BCAKA CUMEMPUS CBC 30KOH 30 3aNa38aHE 4 P u®
(E-Noether). - - 4
TA0GaAHU cumempuu: Fl=c o smen | [Feglm
- Tpasichayust 658 epeMemo — 3anazeasie Ha eHepausma P l—“""'/ e
- Tpaxcrayust 8 hpocmpaHcmeomo — 3anazaaHe Ha (e el — osthersthcre

MOMEHM Ha KOAUUELMBOMO Ha dawreHue

- Pomayust 8 npocmparcmeomo — Sanazeaqe Ha baaoeust

MOMeHMm

Auckpemuu cumempuu:
- KoopduHamu — ,P“ - 3anazeasie Ha hpocmpascmeeHa

uemyom

- 3apsAd — ,C* - 3anazeasie Ha 3apsdosa uemHoMm

- Bpeme -, T" — 3anazeaHe Ha speMeHHA UEMHOCM

Particle Antiparticle
Hapyuenue Ha cumempuume — CPT @— P-4 —
cuMempuama ce sanasea, Ho CRPu T o ok
ce Hapywasam e chabume G - FS
33&“M°aeucmauﬂ Time Time
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Cmanoapmen Mooen éveé @uzuxkama na Enemenmapnume 4acmuyu -
Cumempuama Kamo odeounasauy NPUHYUN

Cumempuu

- TAobaAHU — MPpaHCAQUUU U POMaLUU &
RpPOCMPOHCMBOMO U 8peMemo

- Auckpemuu - C,RT

- BompewHu - cumempust Ha
Cmoxdapmuust Modea
SU(3) x SU(2) x U(1)

2.4 MeV 127 GeV 171.2Gev [
% % L]
uficlit

up charm top
4.8 Mev 104 MeV 4.2 GeV
g d 24
AAL:S

down strange

bottom

e

<l

CumeTtpua B3aumopencreue
[cuna/
U(1) EnekTpomarHuTHo dotoH Y 0
SU(3) CunHo myoH g 0
SU(2) Cnabo W, Z 80, 91
6030HM GeV

Tewkume uacmuuu ce pashadam Ha
hO-AeKU U 8 demexkmopume Ha
eAeMeHMapHU UaCMUUU e
HabAtodasam KpaiiHume npodykmu.

<22ev <0.17 Mev [ <15.5 MeV
Ve Vil V
» ve v YHRn VT
electron muon tau
neutrino f neutrino § neutrino
0511 Mev [l 105.7 Mev 1777 Gev
-1 -1 -1
Lelipp T
electron muon tau

e
2.1969811+0.0000022 ps

MiooHBM Mowe da 6bde
pezucmpupas dupexmHo hopadu
ho-dBAZO 8peMe Ha YKUBOM.

5x102° s
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

tt tit t
FERMIONS Gin<12 352, 572, ...

Spin is the intrinsic angular momentum of particles. Spin is given in units of i, which is the
quantum unit of angular momentum, where i = h/2r = 6.58x1072% GeV s = 1.05x10734 J s,

p_ electron

5 ; <1x10°8
neutrino

€ electron |0.000511

y Mmuon
M neutrino

M mu

p_tau
7 neutrino

C charm

S strange

t top

T tau b bottom

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of
the proton is 1.60x107' coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember
E = mc?), where 1 GeV = 10% eV = 1.60x10~'? joule. The mass of the proton is 0.938 GeV/c?
=1.67x1027 kg.

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or - charge is shown).
Particle and antiparticle have identical mass and spin but opposite
charges. Some electrically neutral bosons (e.g., Z°, v, and 0 = ¢C, but not
K9 = d5) are their own antiparticles.

Figures

These diagrams are an artist's conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.

A neutron decays to a proton, an electron,
and an antineutrino via a virtual (mediating)
W boson. This is neutron p decay.

Structure within
the Atom
Quark

Size <101%m

Elect

Nucleus i
Size < 1078 m

Size = 1074 m

e
Neutron

force carriers
spin=0, 1, 2, ...

BOSONS

Color Charge

Each quark carries one of three types of
“strong charge,"” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-

cally-charged particles interact by exchanging photons, in strong interactions color-charged par-

and ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong

Proton

Atom Size = 10-5m
Size = 1070m

interactions and hence no color charge.

Quarks Confined in Mesons and Baryons
One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the

color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-

If the protons and neutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in

nature: mesons gq and baryons qqq.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.

PROPERTIES OF THE INTERACTIONS

“ Quarks, Leptons Electrically charged Quarks, Gluons m

Graviton +
| Gavion |y w20 | Gluons |

10-41 0.8 2
10-41 60
o Not applicable
36
10 to hadrons

pPp—> 7070 + assorted hadrons
s /

20
hadrons /

B “;,’u’:;s" hadrons—~

hadrons \
Z0

N

Two protons colliding at high energy can
produce various hadrons plus very high mass
particles such as Z bosons. Events such as this
one are rare but can yield vital clues to the
structure of matter.

An electron and positron

(antielectron) colliding at high energy can
annihilate to produce B% and B° mesons
via a virtual Z boson or a virtual photon.
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The Particle Adventure
Visit the award-winning web feature The Particle Adventure at
http://ParticleAdventure.org
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2. Omeopenu evnpocu nped Cmanoapmuus Mooen

Kak ce onpeoenam macume na e.u.? — Mexanuzovm na Xuzc

3awo umame 3 cenepayuu Ha e.d. ?

CvomHowenue mamepus/anmumamepus b8 Bcenenama u 6pw3ka ¢
CP napywenue ¢ Cmanoapmmuusi Mooen?

Om xakeo e cbcmagena “‘mvmHama mamepus’” u “‘mvmHama
enepeus” 6v8 Bcenenama?

Ha xakeo e npunuuana mamepusama 6 nvpeume Mu2o6e Ha
Bcenenama? (keapx-entoonna naazma?)

Bwvavoowcnu 1w ca nogeue pazmepnocmu?
HUma nu noea cumempus? SUSY?

Myl'laLI,MFl Ha KBAPK MKOOHHA

naasama npu 2 TpuamoHa K

Quark Gluon Plasma

High Energy collision creates a
mixture of quarks and gluons
such as existed at the very early

4.6%

stage of Universe

Supersymmetric “shadow” particles

F=ma E=mc2
Bcunyko ToBa e
NPaBUJIHO.

Ho Kak eauH ob6eKT
CTaBa MaCUBEH?

Atomic Matter)

Light \

Dark Energy
73%

o Neutrinos
0.005% 0.0034%
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3. Ekcnepumenmanna npoeepka Ha
Cmanoapmnuua Mooen u nosu
e/leMeHmapHu 4acmuuu 6
excnepumenma CMS na LHC
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Magnetism

QED Electro

Magnetism
Maxwell

Long range

Electricity

Electroweak

na

Model Fermi
rand A Weak Theory Weak Force
. " (>l; Standard Short range

Unification § o model
Quantum w

Gravity QCD Strong Nuclear Force
Strings? Short range

Super == i
Unifidation Kepler Celestfal
Universal Gravity
Gravitation kb
e Einstein, Newton Terrestrial

Gallei Gravity

8
11 Anioscuee — UAUAE — BAH, Ilpoepama bvacapcku Yuumenu - IIEPH 4.10 — 9.10.2015



Llen Ha du3MKaTa Ha BUCOKUTE eHeprmu

1. [la ce HaAHWKHe AbNOOKO B
MpupoaaTa (E ~ 1/pasmepa)

de Broglie
(moLeH mmnkpockon)

2. [1a ce OTKPMAT HOBU YacTMLUM
C No BUCOKa maca (E = mc?) Einstein

3. [la ce u3yum mnapata BceneHa

(E = KT)
Boltzmann

N Bcmnyko ToBa B JTabopaTtopusa— LHC-CERN
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7 TeV+ 7 TeV

P(TeV) = 0.3 B(T) R(km)
12 kA

CBeTumocT
L=N2kfy/4nep = 1034cm-2s-1

Heat Exchanger Pipe
Beam Pipe
Superconducting Coils

Helium-II Vessel

Spool Piece

Bus Bars Superconducting Bus-Bar

Iron Yoke
Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

W g

Thermal Shield

The
15-m long
LHC cryodipole

Aucxiliary
Bus Bar Tube

: Instrumentation
PrOl%Ciggg Feed Throughs
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Eauauum Ha usmepBaHe

BeposITHOCT ¥ MHTEH3UBHOCT Ha B3aMMOJCHCTBHETO:
Ceuenue Ha pasceliBaHe ~ I?
Oapa: 106 =102 cm?

1 M6 = 10?7 cm?

1 6 = 103 cm?
CeeruMOoCT (MHTEH3MBHOCT Ha CHOIIOBETE IPOTOHM): CM
LHC 2010: ~10% cm?ct

2011: ~10®¥ cm2ct

2012: ~10%cm2ct

2.~-1

.C'

YecroTara Ha B3aHMOI[eﬁCTBHHTa IIpn cOTbCKBaHE Ha CHOIIOBETE OT IIPOTOHHU =

CBETUMOCTTAa X CEUCHHUETO

[Tpumep:

bo3on Ha Xwurc:

ceaenre (M =125 IB mpu 8 ™B) ~ 10 16

1 ceOuTme 3a 10 cek.

CpaBHeHUe HA eHEPIrUMTE
Cucrema Ha eHTHpa Ha Macute (CLIM)
JlabopaTopus ®epmmiad ,Yukaro 1 TeBX 1TeB
LHC 3.5TeBX 3.5TeB
LHC /7 TeBX 7 TeB
LHC PbPb-5.5TeB nyk/jon/nyk/jion

Jlaboparophna cuctema(JIC)
2.10°TeB
2.10°TeB
10°TeB
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7x1012 eV eHeprua Ha cHona
1034 cm-2s-1 cBeTMUmOCT
2808 naketa/cHon

10! npotoHa/nakKer

?.

|
.*.i

|
|

- npecuyaHe Ha naketu —4x107 Hz

NPOTOHHM cbnbcbumn 10° Hz

pa*kpaHe Ha HoBu yactuum 10> Hz(Higgs, SUSY,....)

a Lo e L pfen
CeneKuua Ha 1 cbbutue ot 10,000,000,000,000

P

W

12
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LHC :

...MPOTOHUTE OOUKANAT CbC
CBET/IMHHA CKOPOCT 27 KM TyHen
B NPOTUBOMNO/IOXHU NOCOKM
11,000 nbTH B ceKyHAQ.

...3a A3 Ce YCKOPAT NPOTOHU
61130 A0 CKOPOCTTA HA
CBET/INHATA Ce U3UCKBA BaKyym
NO-AbNOOK OT MeXay3Be34HOTO
npocTtpaHcTeo. Mma 10 nbTH no-
ronama atmocdepa Ha JlyHaTa,
oTKonkoTo B LHC.

...KOraTo gBaTa yCKOpeHUu cHona
NPOTOHWU Ce yaapAT, TOBA We
reHepupa temnepatypa 100,000
NbTU NO-r0IAMA OTKOJIKOTO B
AapoTo Ha CAbHUETO, HO B
MMKPOCKOMUYHO MPOCTPAHCTBO.

POINT 4 |

ol

4 =
AT S Ol
ARl secrorss . POMTS
. iy [ \ — "f_}:_:\*‘ ml ‘
" SECTOR 34 CMS  SECTOR 56 "Gy “L
4 | ‘:-_?} !,”
Y. ﬁ AT
fir )
\ A&
.'4 \\.
‘ SECTOR 67
o )
SECTOR 23 —-f=< I
I
4
\%‘, '/y
¥ {
Yo
POINT 2 | SPS 7
L (2 SECTOR78..7
ALICE B, A'SECTOR 12 | €3 p -4'_';3’

." I k © '.\' ;,.
¥ SECTOR 81 _ b9 &
g O POINTS

LHCb
21 Aug 2008
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[Iprmep HA OCHOBHHU MPOIIECH NMPH B3auMozaekcTBUeTo Ha mpoToHuTe B LHC

Hpomo;%m ce cocmou om 3 Keapka u cnrOOHHO
nojzie Koemo acu 3adbp3fca— moeda mebpéeﬁuee 6
CUjla 3a NPOMOH C HUCKA eHEPUAL. Hpu CKopocm
onusxa 00 CKopocmma Ha ceenviuHama, 6
NnpoOmMoOHaA ce noAeA8aANnt MHO3CeCcmeo Hacmuyu —

¢

KeapKu, aHmuKeapKu u cooHu — ,, nadpmoru “

p Parton pP.u'mn.

A

Ilpu 0ocmamvyro 8UCOK UMNYIC e0UH
omoeieH K8apk modice 0a ce omoenu om
NPOMOHA, NPU MOBA CUNAMA HA NPUBTUYAHE
HApAacmea ¢ pa3CmosiHUemo u 21H00OHHOMO
nose pasx#oa 0ONbIHUMENTHU KAPK-
AHMUKBAPKOBU OBOUKU— PAHCOA Ce NUOH UNU
PA3IUYHU 8UO08e AOPOHU /NUOHU, KAOHU U
Op./ npU MHO2OKPAMHOMO PA3KbCEAHE HA e S
CmMpyHama cevbp38auya K8APKA ¢ NPOmMoHd. Q vavark Q) uquark

R-meson

|
° u antiquark ° d quark ZQ Gluon .Y Quark loop
\_d

AJpOHUTE NPEANOYUTAT 1a CE TPyupar
10 HaIlpaBJICHUE HA UMITYJICA HA BUCOKO
€HepreTUYHUTE KBapKU — 00pa3yBar ce
»AJIPOHHU CTPYH * KOUTO CE€ PETUCTPUPAT B
JETEKTOpa
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June2008

38 Countries, 183 Institutes, 3000 scientists and engineers (including 400 students)

TRACKER
RIGGER, DATA ACQUISITION S : :
& OFFLINE COMPUTING IAulstr;a, Belgl:ﬂm,_CER:, Flnéanld, Fdragcg, Gelrmadn)(,”( Ush
Austria, Brazil, CERN, Finland, France, Greece, (By,cMpen:; MEon, New Leaanc witreranc, i MS

Hungary, Ireland, Italy, Korea, Lithuania, New Zealand,

Poland, Portugal, Swiueriand,%

RETURN YOKE

Barrel: Estonia, Germany, Greece, Russia
Endcap: Japan®, USA

CRYSTAL ECAL
Belarus, CERN, China, Croatia, Cyprus, France, Italy,
Japan*, Portugal, Russia, Serbia, Switzerland, UK, USA

Compact
Muon
PRESHOWER Solenoid

Armenia, CERN, Greece,
India, Russia, Taiwan

SUPERCONDUCTING
MAGNET

All countries in CMS contribute
to Magnet financing in particular:
Finland, France, Italy, Japan®, FEET
Korea, Switzerland, USA

FORWARD
CALORIMETER
Hungary, Iran, Russia,Turkey, USA

HCAL

Barmel: Bulgaria, India, Spain®, USA MUON CHAMBERS
Total weig ht :12500T Endcap: Beglarus, Bulgarii, Georgia, Russia, Barrel: Austria, Bulgaria, CERN, China,
Overall diameter :150m Ukraine, Uzbekistan Germany, Hungary, Italy, Spain
Overall Iength :215m HO: India Endcap: Belarus, Bulgaria, China, Colombia,
Magnetic field : 4 Tesla Korea, Pakistan, Russia, USA

i

B B s
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Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

ATLAS
A
Toroidal
LHC
Apparatu$
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LHCb
Large
Hadron
Collider
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ALICE

A

Large

lon

Collider
Experiment
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2010 - Higgs Ha CMS
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B 127Gev g l71.2GeV
%A %
) k) £

up charm top

104 Mev 4.2 Gev

~Th 14 214
Y2 1% ]

down strange bottom

1.Cmanoapmen Mooen év6é @usuxkama na Enemenmapnume
Yacmuyu

<22eV <0.17 MeV <15.5 MeVv

0 0 ]

14 V () 15 V '_1 s V’[
electron muon tay
neutrino § neutrino § neutrino

126.3 GeV

o H°

0 Higgs

0.511 MeV 105.7 MeV
-1 -1 -1
reliplt

electron

1.777 GeV

Ilpoeepen mMHO20 MOUHO U 6 3a8bPUIEH 6UO C OMKPUBAHEMO HA
Xuzc o0o30mna.

muon tau

2. Omeopenu eévnpocu nped Cmanoapmuusn Mooen —

pas3eumue Ha dmsumma Ha e1emeHmaprhume vacmuyu u
Kocmontocusama — ucmopuama Ha Bcenenama.

Kax ce onpedensm macume na e.u.?
3awo umame 3 cenepayuu Ha e.u.?
CvomHowenue mamepus/anmumamepus 6ve Becenenama?

Om kakeo e cbcmasena “‘mvmHama mamepus’ u “mvmHama
enepeusi” 8v6 Becenenama?

Cvwecmgysam nu Opyeu 6U008e CUMEmMpUsl Ha eL.Y. —
,, Cynepcumempus “?
PP 7?777007??7777?00777?77

3. Ekcnepumenmanna nposepka na Cmanoapmuus Mooen u Hoeu
enemenmapuu ywacmuuu Ha LHC
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—

Pieter Bruegel de Oude "Babylon tower" 1563
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