BbBeneHue BbB (hu3nKaTa Ha €JIEMEHTAPHUTE YaCTULN
IT.Anmxues, USAUAE - BAH

A small fraction of the CMS
Collaboration: June 2012
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1.Cmanoapmen Mooen 6v6 @uzukama na Enemenmapnume Yacmuyu
1.1 Cumempusama kamo 00e0unaeawy NPUHYUN
1.2 Cunu na e3aumoodeiicmeue u cumempuu
1.3 Cnonmanno napyuwienue na cumempuume

2. Omeopenu evnpocu npeo Cmanoapmuus Mooen

Kaxk ce onpeoensm macume na e.u.?

3611/140 umame 3 ceHepayuu Ha e.4. u Kak apomamume Ha KeapKkume u
HeympuHama ce cmeceam?

CvomuouweHue mamepusi/anmumamepust 68 Bcenenama?

Om kakeo e cvcmasena “mvmuama mamepus’” u “‘mvmHama enepaus’’ 6b8
Bcenenama?

Cowecmsysam nu opyau sudose cumempus Ha en.d. —, Cynepcumempus”?

3. Excnepumenmanna npoeepka na Cmanoapmuus Mooen u Hosu
enemenmapnu ywacmuyu ¢ excnepumenma CMS na LHC
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Cmanoapmen Mooen 6ve

Qu3uxkama na Enemenmaprnume
Yacmuyu - (CM)

[MpoToH CM onucea B3aMmoaencTBUETO

1.27 Ge\/ 171.2 Gev
Maca 1.7x10°?7Kr. Ha eNeMeHTapHUTE YacTULM 2
3apag +1 3 ABOUNKN KBAPKKN - e

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

® O
HeyTpoH 3 N1BOVKWU NENTOHMU - ' ; :f b
Maca 1.7X10_27Kr. . @ (e,Ve), (u’vu)’ (T’VT) strange bottom
3apﬂp, 0 3 cum : <0.17 MeV .
. - EnektpomarHunTHm (y) ;Vp

- Cnabo B3aumopenictene (W,Z), Il sssion | oo | netitino

EnekTpoH - CunHo B3aumogeticteume (g) 105.7Mev 1777 cev
Maca 0.0005 ot = 1 - =
- Tlone Ha Xurc —upes 4. € v |
3apaa -1 yacTuumTe npuaobmsaT maca 1253 Gev
. 0
HeyTpuHo 20 758 o H
Maca 10! ot macaTa @ do.. ﬁ \R—7 0 Higgs
= 4 Feynman diagram for boson

Ha NPOTOHa, 3apag O

like charge repulsion

Enemenmapnume Yacmuuu 5 - A\W P2 SO
6 Haulemo 6CeKuoHesue ) In the diagram represents a

“virtual particie”. In this case

118 a virtual photon
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1.Cmanoapmen Mooen 6v6é Quzukama na Enemenmapnume Yacmuyu -
1.1 Cumempuama kamo o6eOuHa8au, NPUHUUN
T,

CuMeTpHusTa e BoAelll IPUHIUI BbB QU3UKaATa Ha e oo @

eJleMEHTAapPHUTE YaCTHUIHU - TIpe3 7978 T. bellle .

[I0Ka3aHa Bp'b3KaTa HA BCSAKA CUMETPHUS CbC A P A y

3aKOH 3a 3ana3BaHe (£ Mother). e V-

[Mo6asHM CUMETpUH: Fleo® ey gl

- TpaHcianua BbB BpeMeTo - 3ana3BaHe Ha tawofphyses T l__---«-" Same taw o physcs
eHeprudara o ttan) <— Noether’ theorem

- TpaHcsanya B IPOCTPAHCTBOTO - 3ana3BaHe Ha
MOMEHT Ha KOJIMYECTBOTO Ha JABWXKEHUE )

- Porauua B npoCcTpaHCTBOTO - 3ana3BaHe Ha
‘brsioBusd MOMeHT

JAUCKpeTHU CUMETPUU:

- KoopauHnatu - ,P“- 3anma3BaHe Ha

IPOCTPAHCTBEHA YETHOCT

- 3apspg -,C’- 3ama3BaHe Ha 3apsA/10Ba YETHOCT

- Bpewme -,T"- 3anma3BaHe Ha BpeMeHHa YEeTHOCT e G
Particle Antiparticle
HapymeHue Ha cuMeTpuuUTe - <—°— P~ e
CP7 cuMmeTpHUATa Cce 3ana3Ba, Spin Sbin
HO CF, 1 7 ce HapyllaBaT B ;
- T e

cJIabuTe B3aUMOJAelCTBUA

Time Time
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1. Cmanoapmen Mooen 6v6é Puzukama na Enemenmapnume Yacmuyu -
1.1 Cumempuama kamo o6eOuHa6au, NPUHUUN

CumeTpuu CumeTtpua | Bsaumogeiicteue | En.

- [1o6asiHU - TpaHCAAUU U POTALMH yacTtuua

B U(1) EnekTpomarHuMTHoO ®oTOH Y 0
IIPOCTPOHCTBOTO U BPEMETO

_ JIUCKpeTHH - CAT SU(3) Cunxo yon g 0

-  BbTpewmHu - cuMeTpud Ha SU(2) Cna6o W, Z 80, 91
CrangaptHuda Mogen 6030HM GeV

SU(3) x SU(2) x U(1) 7
; OTOH -
2.4 MeV 1.27 GeV 171.2 GeV TeH{KHTe qaCTH H Ce Hp
up charm top : pa3naaaT Ha II0-JIEKHU U B Fni?
b (

4.8 MeV 104 Mev' 4.2 GeV

dl:s

down strange bottom

<22ev <0.17 Mev [l <155 MeV |
0 V 0 V 0 V

wn VYe v YH e VT

electron muon tau weal
neutrino f neutrino | neutrino o
0511mev  [105.7 Mev [ 1.777 Gev

il 4 il 1 1
relipl T Pw
electron muon tau fte

JIETEKTOPUTE Ha
eJleMeHTAapHU YaCTHUIU Ce
Ha0JIl0/IaBaT KpPaWuHUTE
NpoAyKTH MIOOHBT MOXe Ja
O0'bJle perucTpyupaH
JMPEKTHO MOPa/IK MO-/IbJIr0

BpeMe Ha JKHUBOT. Ly Y
t o= T
b
e _
2.1969811+0.0000022 ps 5x107%s
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1.Cmanoapmen Mooen évé @uzuxama na Enemenmapnume Yacmuyu
1.2 Cunu na e3aumooeiicmeue u cumempuu

> ; Te3u ca KOHCTAHTHUTE HA B3AaMMOAEHCTBHE 32 HUCKH
Cuaa na B3aumoneiicreuero - Force Strengths:

eHeprum/rojieMn pa3CTOSTHUSA.
KoHcTanTHTe CE MPOMEHSAT C eHEPrUATA;

Yucnena OYEHKA Ype3 KOHCmarmume Ha

-~ o . 55 Resolution [m]
szaumooeticmsue ‘‘coupling constants” a
pling g 1.0—17 . 1_62' ) 1.0—25 ) 1_629 ) 1E33
Strength : S
Hpumep: F = N9 I £,
2 B, (a7
Enexmpomazcnumno 4 p&’o v ro,
63UMO0eticmesue: 5 100t
- 499 _ &

Jeunuyus na a-= L2 =
KOHCmManmama Ha 4 ,06’0 hic 4 p T
83aumooeticmeaue:.

==
Cuna Ha enexmpomMazHumHomo 2 :
83aumooeticmsue: r

CpaBHeHHE Upe3 KOHCTAaHTUTE HAa B3aUMOJICHICTBUE

“coupling constants” 104

Cunno : a~1

Enexkmpomaznumno: a,, ~ 1/137 0 : g a o o
Cnabo: ay ~10° 0 10®y 10° 1d° _1d* _1d°
I'pasumayusn:. ay~ 1040 ¢ Energy [GeV]

Lep LHC

IIpuianky 1 pa3IuKu MeKAY BUI0BETe B3aUMOACHCTBHA H3MeHeHHe HA KOHCTAHTHTE ¢ eHePrusiTa
EM B3aunmoneiictBue Ciaabo B3anMoaelicTBae CuiiHo B3auMoJelcTBHEe 1/em namans ¢ E.
Enexrpuuecku 3apsin (1)  Cnab 3apsiz (2) LiBeteH 3apsin (3) 1/weak pacre ¢ E.
Be3macoB oTon Macusuu W*,Z 8 6e3MacoBH MIIFOOHA 1/strong pacte ¢ E.
KOHCTaHTa (J KOHCTaHTa 0 KOHCTaHTa (
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1.Cmanoapmen Mooen 6v6 @uzuxama na Enemenmapnume Yacmuyu Cumempuu u
Cnonmanno napywenue na cumempuume

B crotBercTBHE ¢ Teopemara Ha Heotep ot 1918 1, Ha Bcsika CumeTpua | Bsaumopeiicteune En.
HaOmonaBana cuMmerpus B CM chOTBETCTBA 3aKOH 3a 3arasBaHe. 3a [cvna/ yactuua
SU(3) x SU(2) x U(1) cumetpus 8 CM ce cbxpaHsBar 6apuOHHOTO
YHCJIO, IENTOHHOTO YUCIIO, EEKTPUUECKUAT U LIBETHUSAT 3apsil.

Particle Baryon | Lepton = Charge U(1) Eaexrpovarnutio  @oton y 0
number number

Proton +1 0 +1 SU®R) CuJjino I'myou g O

Neutron +1 0 0 | o

Elecron | ©0 | + | - | SU(2) Ca6o W, Z 80, 91

Pi-plus 0 A 0 |+ ‘ o o 0030HH GeV

fMuon 0, +1 , -1 |

'Neutrino 0 +1 0 ‘

Positron 0 -1 +1 |

:Antineumno . 0 | 1 ‘ 0 4

:Up quark +'/ 0 |+

Macama na enemenmapnume yacmuyu u modice 0a 6voe
usmMepena, Ho He U NPeoCKA3ana — Halded ce 8bBedcoame Ha
CNOHMAHHOMO HAPYULeHUEe HA CUMEMPUSIMA U 8bBENCOAHE HA
nonemo Ha Xuec.

Down quark +1/ 0 '

Cnonmanno HapyweHnue na CuMempusama — UlioCmMpayus.:

[Ipy 10-BUCOKM €HEPTrUU B CUMETPUYEH MOTEHIIMAII TOITYETO

OCTaBa B CpeAaTa U CbCTOSIHUETO € CUMETPUYHO, ITPU MO-HUCKHU

€HEpPIruy TOIYETO 3a€Ma ACUMETPUYHO ChCTOSHUE HA ,,JBHOTO
° Ha MOTeHInana ,,MeKCHKaHCKaTa Imanka’ — HaOsroaBaMe
CIIOHTAHHO HApYILIEHUE HA CUMETPUATA.

B pe3yjrar Ha COHTAHHOTO HAPYIIEHHE HA CHMETPHUSATA NMPH eJIEKTPOCJIa00TO B3anMo/IelicTBHE —
(¢oTona ocraBa 6e3macoB /He B3anMojeiicTBa ¢ mosero Ha Xurc/, a W u Z 06030HM npuaoduBaT Maca.
IIpu cuIHOTO B3auMoAelicTBHE Maca MPUA0ONBAT KBAPKHUTE, KOMTO KaTO ChCTABHA YaCT HA aTOMHHTE
siipa Ype3 NPOTOHUTE U HEYTPOHUTE reHepupat 99% ot Mmacara B cBeTa 0K0J10 HaC.



1.Cmanoapmen Mooen 6v6é Puzukama na Enemenmapnume Yacmuyu

1.3 Cnonmanno napywienue na cumempuume

» KOKTEeHJI-TAPTH* WJIIOCTPALUA HA M0J1eTO HA XHUI'C

KoxreitnHo naptu
ITose Ha XHUrc — H3NMBJBA
ns1aTa Beesena

VIP nepconara He npemMuHaBa mnpe3
3ajara, a caMo MPaBH BaXKHO
cpobmenne — LHC koHmeHTpupa
eHeprusi B TOYKAaTa Ha
c0JIbCKBaHE HA NIPOTOHMTE

VIP nepcona nmpemuHaBa mpe3 3ajara —
EnemenTapHaTa yacTuua B3auMo/IeiicTBa ¢
10J1eTO HAa XHUrc

XKypnanucture 6bp3aT KbM U3X0/a 3a
Jla TIpe1a/iaT BaKHOTO ChOOIICHNE —
IHoseTro na Xurc resepupa
camMoBBb30y:k1aHe — Xurc 0030H

VIP nepconara mpunoOuBa Maca mopajau
CTPYIIBAHETO HA XYPHAIMUCTU U 3aTPyAHsABAHE
Ha MPHUJIBIKBAHETO — YACTHUIHTE
npuaoduBaT Mmaca

IHonero Ha Xurc renepupa
c00CTBeHN Bb30y1eHH ChCTOSIHUS
MPH KOHIIEHTPAIUsI HA eHEePrusi HA
LHC — nadaronaBa ce Xurc — 60030H
(perucTpupar ce pasnajgHuTe
NPOAYKTH — 2 (poTOHA MU 4 JIeNTOHA

)
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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.”

matter constituents

FERMIONS spin = 1/2, 3/2, 5/2, ...
~Leptons spin-=12  Quarks spin=12

. electron 2/3
€ neutrino

-1/3

2/3

-1/3

2/3

-1/3

Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the
quantum unit of angular momentum, where i = h/2r = 6.58x1072% GeV s = 1.05x10734 J 5,

<1x10-8

€ electron |0.000511
podon <0.0002 C charm
M neutrino

JL muon 0.106 S strange
p_ tau t

7 neutrino twp

T tau b bottom

Structure within
the Atom
Quark

Size <101%m

Elect

Size <108 m

Nucleus
Size = 104 m

e

Neutron
and
Proton

Atom Size = 10715 m

Size = 100m
If the protons and neutrons in this picture were 10 ¢m 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.

Electric charges are given in units of the proton’s charge. In SI units the electric charge of
the proton is 1.60x10~'? 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/c? (remember
E = mc?), where 1 GeV = 10° eV = 1.60x10~? joule. The mass of the proton is 0.938 GeV/c?
=1.67x10"2 kg.

PROPERTIES OF THE INTERACTIONS

Mass - Energy Electric Charge Color Charge

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

See Residual Strong
Interaction Note

“ Quarks, Leptons Electrically charged Quarks, Gluons
raviton
w+ w- 20

1074
1041
10-36

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., 2, vy, 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 B decay.

0.8
104

ete-—> BOB?

An electron and positron

(antielectron) colliding at high energy can
annihilate to produce B® and 8% mesons
via a virtual Z boson or a virtual photon

107 -

pp—> ZOZO + assorted hadrons

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.

25
60

Not applicable
to hadrons

11,

gy
hadrons /

> “;‘,“J:;," hadrons

drons \
z0

W

Not applicable
to quarks

20

The Particle Adventure

rs Visit the award-winning web feature The Particle Adventure at
0 http://ParticleAdventure.org

This chart has been made possible by the generous support of:
U.S. Department of Energy
- U.S. National Science Foundation
Lawrence Berkeley National Laboratory
Stanford Linear Accelerator Center
American Physical Society, Division of Particles and Fields

RN BURLE INDUSTRIES, INC.

©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
materials, hands-on classroom activities, and workshops, see:

http://CPEPweb.org




2. Omeopenu eévnpocu nped Cmanoapmnuus Mooen

Kak ce onpeoensm macume na e.u.? — Mexanuzovm na Xuec
3awo umame 3 cenepayuu Ha e.y. ?
CvomHoweHue mamepus/anmumamepus 88 Bcenenama ?
Bcunuko ToBa €
MIPABUIIHO.

Ho xak equH 00€eKxT
CcTaBa MAaCHUBEH?

Om kakeo e cocmagena “‘mvmHama ¢
mamepus’’ 6v8 Bcenenama?

uepeus” u “‘mvmuama

Ha kaxeo e npunuuana mdam
Bcenenama? (keap

Bwvsmoorcnu 1w ca noseue pas
Hma nu nosa cumempus?

Dark Energy
73%

-

- 4 » o i -
L » ¥ - » Y Y - . 2
.- | " ot 'I
# 1 . .
. . 03 » R " ‘)
. .‘ F » ’ » . '. - . ’
AL SIS S W Atomic Matter
High Energy collision creates a 4 0
mixture of quarks and gluons - s 4.6% / \

such as existed at the very early nght
Supersymmetric “shadow” particles stage;okUniverse 0.005%

Neutrinos
0.0034%
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History of the

(0]
SJJI/a ¥

Cosmology

Key: W, Z bosons

qc¢ meson

q quark
g gluon £ @ ® baryon
€ electron - ion

’\/\/ photon
* star
- galaxy

s e = 9 &
. " B oIVA Y
- mg n (§ A % @ 7«;.‘\ ¢
g 2.q =94 %
. o m 3
Inflation Sg q ot g =2
= 4 o g‘\s\, L -—%1 @
zr;—nmé 1 = E
T £ 3 n g8 "VV
ﬁmg e I~5
g e (S n <« %
-
n

=)

y o

X

Sl

Astrophysics

I I Ihuon t tau black
N neutrino atom w 5
neutrin hole

3. Excnepumenmanna npogepka na

Cmanoapmnua Mooen u nosu
e/1eMeHmMapHu 4acmuyu 6

excnepumenma CMS na LHC

Electroweak
Model

Standard
model
Quantum
Gravity QCD
Strings?

Super
Unification

Unification

Magnetism

QED Electro
Magnetism

Maxwell

Long range

Electricit

Fermi

Weak Force
Short range

Weak Theo

Strong Nuclear Force
Short range

Kepler Celestial

paHuya Ha Hawemo no3HaHue 00 OHec
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Universal
Gravitation

Einstein, Newton

Gravity
Long range
Terrestrial

Galiei Gravity



3. Excnepumenmanna nposepka na Cmanoapmuusa Mooden u nHosu
enemenmapuu wacmuyu ¢ excnepumenma CMS na LHC

Llen Ha pM3mMKaTa Ha BUCOKUTE
eHeprum

1. [la ce HagHWKHe obNOOKO B de Broglie
Mpupogata (E ~ 1/pa3mepa)
(MoLeH muKkpockon)

2. [1a ce OTKPUAT HOBM YaCTULM Einstein
C Mo BMCOKa maca (E = mc?)

3. lla ce nusyun mnagata BceneHa
(E = KT) Boltzmann

N Bcnyko ToBa B JTabopatopua —
LHC-CERN

12
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3. Excnepumenmanna nposepka na Cmanoapmuus Mooen u nosu eremenmapuu yacmuuu ¢ excnepumenma CMS na LHC

LHC Lp_

7 TeV + 7 TeV
E(TeV) = 0.3 B(T) R(km)

12 KA — Tok Ha CBpBXIIPOBOJAIIUAT MATHUT

CBETHUMOCT:

L=N*kf/4ro,0, ~10%*cm=s?
N — 6poit Ha IPOTOHKTE B EIMH MAKeT
1.5x10% nporonu

f — YeCcTOoTa Ha OOMKOJIKHU HA ITAKETUTE OT
Superconducting Coils PR HpOTOHH

K- Opoii Ha makeTuTe OT MpoToHU = 2808

: R 0O — pasMEp Ha TOYKATa Ha BSaHMOﬂeP’ICTBHe
Spool Piece . < -3 / Ha IIaKCTUTEC

Bus Bars 5 = Superconducting Bus-Bar
~
Oy = Oy 16 um

Iron Yoke

Non-Magpnetic Collars

Vacuum Vessel

Quadrupole

Bus Bars s
SR Radiation Screen

interaction region

The N, e - Ny
15-m long area A
LHC cryodipole 13

Auxiliary
Bus Bar Tube

Protection Instrumentation
Diode Feed Throughs




3. Excnepumenmanna npoeepka na Cmanoapmnuus Mooen u nosu enemenmaphuu wacmuuyu ¢ exkcnepumenma CMS
Ha LHC

ExmHuuum Ha usmepBaHe

BepoATHOCT 1 UHTEH3UBHOCT Ha B3aUMOJIEMCTBUETO!
Ceuenue Ha pasceliBaHe ~ I?
Oapu: 10=102*cm?

1 M6 = 1027 cm?

1 6 = 1036 cm?
CBetuMoOCT (MHTCH3UBHOCT Ha CHOIIOBETE MPOTOHM): CM’
LHC 2010: ~10%2¢cm2-ct

2011: ~ 1033 cm2-ct

2012: ~10% cm2c!

2.~-1

.C'

UYecroTaTa Ha B3aMMOJICHCTBHATA P COTbCKBAHE HA CHOMOBETE OT IPOTOHU =
CBETUMOCTTa X CCUEHHMETO
[Tpumep:
bo3on nHa Xwurc:
ceuenue (M =125 I'B npu 8 ™B) = 10 n6
1 ce6utne 3a 10 cek.

CpaBHeHHe HA eHeprumTe

Cucrema Ha neHTbpa Ha Macute(CLIM) JlaGoparopHa cucrema(JIC)
JlabopaTopusi ®epmuniad ,Yukaro 1 TeB X1 TeB 2.10° TeB
LHC 3.5TeB X 3.5TeB 2.10* TeB
LHC 7TeBX 7 TeB 10° TeB

LHC PbPb - 5.5 TeB Hyk/J0H/HYKJIOH

11 iioocues — HAHAE — BAH, IIpoepama bvneapcku Yuumenu - IEPH Oxm.2017



3. Excnepumenmanna nposepka na Cmanoapmuus Mooen u nosu eremenmaphuu yacmuyu 8¢ excnepumenma CMS
na LHC

I.HC 7x10%2 eV eHeprua Ha cHona
_ 1034 cm-2s-1 cBeTMMOCT
2808 naketa/cHon

101! npoTtoHa/naker

<* ¥S<**  npecuuyaHe Ha naketu — 4x107 Hz
NPOTOHHU c6NbCcbUM 10° Hz
. b
pa)aaHe Ha HoBM YacTuum 10 Hz(Higgs, SUSY,....) Ty
a Lot «—P D p e
Cenekuusa Ha 1 cbbutue ot 10,000,000,000,000 . _f z
w

15
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3. Excnepumenmanna npoeepka na Cmanoapmuusn Mooen u noeu enemenmapuu wacmuuu ¢ excnepumenma CMS
na LHC

POINT 4 |

LHC : ,Lm ——

...NMPOTOHUTE OBMKANAT CbC o f 7 sgcm 5oy ’-‘gﬂ;—n{} POINT
CBET/IMHHA CKOPOCT 27 KM TyHen P - sec“;;;‘; Ny Hl‘

B NMPOTMBOMO/IOXHM NOCOKM -J‘F N
11,000 nbTK B CEKYHAA. of ’% ‘f@
...33 1@ Ce YCKOPAT NPOTOHMU D G |
621130 A0 CKOpPOCTTa Ha 1 SECTOR 573@
CBET/INHATA Ce U3UCKBA BaKyym  szctoR 2 S ’)'I‘

No-gbnOOK OT MeXKay3Be34HOTO I
npocTpaHcTeo. Mma 10 nbTH No- .
NNbTHa atTmocdepa Ha JlyHaTa, ‘\\‘{ /

oTKo/IKOTO B LHC. A

POINT 2 v
..KOraTo /Bara yckopeHu cHona fj SECTORTE
NPOTOHM Ce yAapAT, TOBA Le ) ¥
reHepupa Temnepatypa 100,000 5&5& POINT &

- :-.- \,

NbTU NO-FrONIAMa OTKONIKOTO B . ~ IS
AAPOTO HAa CABHLETO, HO B ATLAS 21 Aug 2008

MUKPOCKOMUYHO NMPOCTPaHCTBO.
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3. Excnepumenmanna npoeepka na Cmanoapmuusa Mooen u nosu enemenmapnu yacmuuu ¢ excnepumenma CMS

na LHC

[Ipumep HA OCHOBHHU MPOIIECH MPU B3aUMOJIecTBUETO Ha ITpoToHUTE B LHC

Ilpomonvm ce cocmou om 3 K8apka u 2nOOHHO
noJjie Koemo 2u 3a0vbpaiica — mosa mebpoeHue e 8
cuna 3a Npomou ¢ Hucka enepeus. Ilpu ckopocm
OU3KA 00 CKOPOCMMA HA C8EMIUHAMA, 8
NPOMOHA ce NOSABABAN MHONCECTNEO YACTMUYU —
K8apKU, AHMUK8APKU U IIOOHU — ,, HAPMOHU .

Ilpu oocmamvuno 8uCOK UMNYIC eOuH
omoeleH Keapk Modice 0a ce Omoenu om
NPOMOHA, NPU MOBA CULAMA HA NPUBTUYAHE
Hapacmea ¢ pa3CmosHuemo u 20OHHOMO
none panxcoa 0ONvIAHUMENHU K8APK-
AHMUKBAPKOBU OBOUKU — PAANCOA ce NUOH UTU
PAa3IUYHU 8U008e AOPOHU /NUOHU, KAOHU U
Op./ npu MHO2OKPAMHOMO PA3KbCEAHE HA
CMPYHAMA c8bP38aua KapKa ¢ NPOmoHd.

AJpOHHTE MPEANOYUTAT Ja CE TPyNupaT
110 HANpaBJIEHUE HA UMITyJICa HA BUCOKO
€HEepPreTUYHUTE KBapKHu — 00pasyBar ce
»AJPOHHU CTPYH * KOUTO CE PETUCTPUPAT B
JETEKTOpa

A

p Parton p Parton:

o u quark 3 u quark ° u antiquark Q d quark Zz Gluon ’\'3 Quark loop
S
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38 Countries, 183 Institutes, 3000 scientists and engineers (including 400 students)
TRACKER

Austria, Belgium, CERN, Finland, France, Germany,
Italy, Japan®, Mexico, New Zealand, Switzerland, UK, USA

TRIGGER, DATA ACQUISITION
& OFFLINE COMPUTING
Austria, Brazil, CERN, Finland, France, Greece,
Hungary, Ireland, Italy, Korea, Lithuania, New Zealand,
Poland, Portugal, Switzerland, UK, USA

CRYSTAL ECAL

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

PRESHOWER
Armenia, CERN, Greece,
India, Russia, Taiwan

RETURN YOKE

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

SUPERCONDUCTING
MAGNET

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

FORWARD
CALORIMETER

HCAL
Barrel: Bulgaria, India, Spain®, USA

MUON CHAMBERS

Total Wei_g ht :12500T Endcap: Belarus, Bulgaria, 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

Hungary, Iran, Russia,Turkey, USA

cMms
Compact
Muon
Solenoid




Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

ATLAS
A
Toroidal
LHC
Apparatu$

Toroid Magnets

Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



LHCb
Large

— Muon system Hadron
‘1 Electromagnsetic calorimeter COI I i de r
g

beauty

Hadronic calorimeter

| !
off i
4

LT




ALICE

A

Large

lon

Collider
Experiment

[ IAGEIELGI Y




v
>
O
®
I
(%)
o
20
L

2010

Wi




g 127 Gev

%A

%

up charm

%
14 14 15

1/71.2 Gev

top

4.8 MeV 104 MeVv

down strange

4.2 Gev

-4 -4 -4
1A Y Yo

bottom gluon

1.Cmanoapmen Mooen 6v6 @uzuxama na Enemenmapnume

0

Yacmuyu % Ve I Vi [ Ve

electron muon
neutrino @ neutrino

<22eV <0.17 MeV <15.5 MeV

tau
neutrino

;1.2 sev

 Z
eak
rce

0.511 Mev 105.7 Mev

Ilposepern MHO20 MOUHO U 8 3A6BPUIEH 8UO C OMKPUBAHEMO HA
Xuzc 0o3ona.

electron muon

2. Omeopenu eévnpocu npeo Cmanoapmnuusa Mooen —

pazeumue Ha qbu3ul<ama Ha ejiemenmaprume wacmuyu u
Kocmojiocusima — ucmopusma Ha Bcenenama.

Kak ce onpeoensm macume na e.u.?
3awo umame 3 eenepayuu Ha e.u.?
CvomuoueHue mamepusi/anmumamepusi 6b8 Bcenenama?

Om kaxeo e cbcmasena “‘mvmuama mamepus’” u “mwvmHama
enepeusi”’ v Bcenenama?

Cvuwecmsysam iu opy2u 8U006e CuMempusi Ha en.y. —
,, Cynepcumempus ““?
22222222222722222222222222222222222222222222227277772

3. Excnepumenmanna npoeepka na Cmanoapmuus Mooen u nosu
enemenmapnu yacmuyu na LHC
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e
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Pieter Bruegel de Oude "Babylon tower" 1563
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N3cneaBaHe Ha parkgaHe Ha YacTUuM , TbMHa MaTepma“CbNPOBOAEHO C MOHE eAHa BUCOKOEHepreTuyHa ,,ctpya“s CMS
19.7 b (8 TeV)
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CroerHUKSBT [11aHK,
craptupan npe3 2009 r.,
OCHUTYPH HAU-AETANIHOTO
M300pakeHne Ha
MUKpPOBBIHOBHS (POH Ha
Bcenenara, TakaBa, KakBaTo
e Oma camo Ha 380 xunsaau
roguHu cien ['onemus B3puB

JluncBamara marepus € oT
YaCTHULIH, HAPEYEHU
O0apuoHU, a HE ThMHA
Mmarepus. Ts cBbp3Ba
rajakTUKUTE 3a€IHO Ype3
HUIIKHU OT Topent audy3eH
ras
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The stacked y map of the central galaxy pairs from the BAHAMAS simulations, at 10 arcsecond
angular resolution. Top right: The same y map after the best-fit circular halos are subtracted
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