BbBeneHue BbB (hu3nKkara Ha €JIEMEHTAPHUTE YaCTULU
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 Kkamo 006e0unaeauwy NPUHYUN
1.2 Cunu na e3aumooeiicmeue u cumempuu
1.3 Cnonmanno napyuienue Ha cumempuume

2. Omeopenu evnpocu nped Cmanoapmuus Mooen

Kak ce onpedensm macume na e.u.?

3611/140 umame 3 ceHepayuu Ha e.4. U Kak apomamume Ha KeapKume u
HeympuHhama ce cmeceam?

Cvomnowenue mamepus/anmumamepus b6 Bcenenama u epwv3zrxa ¢ CP
Hapywenue 6 Cmanoapmuus Mooen?

Om kaxeo e cbcmasena “‘mvmuama mamepus’ u “mvmHama ewepeus’’ 6v8
Bcenenama?

Cvwecmsysam au Opyau sudose cumempus Ha en.uv. —, Cynepcumempus“?

3. Ekcnepumenmanna npoeepka na Cmanoapmnuus Mooen u Hoeu
enemenmapnu wacmuyu 6 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 efleMeHTapHUTE YacTmum 2
3apag +1 . 3 AIBOMKWN KBapKn - harm

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

3 ABOMKMN IENTOHMU - A s b
HeyTpoH s Yh
Maca 1.7X10_27Kr. . @ (elve)l (ulvu)l (Tlv'[) strange bottom

3 cunm , <0.17 Mev
3apag 0 . o

- EnektpomarHunTHm (y) 9 Vp

- Cnabo B3anmogenctane (W,Z), B SEERS | nditho | nelitino
EneKTpoH - CunHo B3ammopelictame (g) 057 vev 1777 cev
Maca 0.0005 ot c : 1

- None Ha Xurc —ypes 3. oL
3apag -1 yacTmuuTe npuaobmeaTt maca 125.3 Gev

o HO

HeyTpuHo 0 @
-11 0 Higgs

Maca 10! oT macaTa o
Ha NpoToHa, 3apag 0 & — . Feynman diagram for

== g ghinl i “  like charge repulsion

\YAYA
Enemenmapnume Yacmuyu s ¥ e
B, A line which begins and ends

6 Hauwiemo 8ceKuoHesue

7 in the diagram represents a
*virtual particie”. In this case
itIs a virtual photen
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Cmanoapmen Mooen b6 @usuxkama na Enemenmapruume Yacmuyu -
Cumempuama kamo o0edunaeauy NPUHYUN
T

"/1:"; Iirnietrranslatmn f ‘2‘:‘

CuMempusima e 8odew, NpUHUUN 86 cbusumma Ha R — \E
eAeMeHmapHume uacmuyu — hpes 1918 2. bewe nokasaHa .
8pB3KAMA HA B8(AKA CUMEMPUst CBC 3AKOH 34 3ana38aHe ™ B I B
(E.Noether). - -
r/\OGMHH CHMQW\P“\M I‘ (" . Symmetry 1‘}'-"' G M,

Law of prr\ysics \\‘_\_t_tlrixit_ranslannn lr\iaze_lic_e‘)_,’__/' Same law of :Jhysics
- TpaHcrayust 6be epeMemo — 3anazeaHe Ha eHepausma 1
- Tpascrauust 8 hpocmpasHcmaomo — 3anazeaqe Ha (Enerdy Conservaton) <— Noether theorem

MOMEHM Ha KOAUUELMBOMO Ha deumeHue
- Pomauust 8 hpocmparcmeomo — 3anasseate Ha beaosus 7
MOMeHM
Auckpemuu cumempuu:
- Koopdudamu — ,P“ - 3anazease Ha hpocmpaHcmeeHa
UemHocm
- Bapsid — ,C* - 3anazease Ha 3apsidosa UeMHOCM
- Bpeme - »T — 3anaseaHe Ha apeMeHHa uemHocm

@ C

Particle Antiparticle
@_ P £
Spin Spin
T_

Time Time
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Cmanoapmen Mooen b6 @usuxkama na Enemenmapruume Yacmuyu -
Cumempusama kamo o0eOunsa8auy NPUHYUN

BempewHu cumempuu

-  Cbomeemcmaue yacmuya — sbAHA om
KSAHMOBAMA MEXAHUKA

- Tlosuyust Ha uacmuuama ~ |P|?

- Kaaubpossura cumempust U(1)

Bpe dusukama Ha eAeMeHmapHUMe Uacmuum
CuMempusima. onpedeast CMpYKmypama Ha Modea. —
Budoseme uacmuuu U MUn Ha CUAGMa Ha
e3auModeiicmaute.

CuMempust Ha CMaHOPMHUS MOJeA:

SU(3) x SU(2) x U(1)

U(1) x SU(2) x SU(3) x SU(3)

VARERN / o\

1 charge 2 charge types 3 charge 2 charge types 3 charge
(positrons are (2 weak types (strong (2 wegk types (strong
treated as isospin force colour Isospin force colour
electrons going charges), charges), charges), charges),
backin time), (2*2)-1=3 (3*3)-1=8 (2*2)-1=3 (3*3)-1=8

1 gauge boson gauge bosons gauge gauge bosons gauge
(photon with 4 (W+, W-, Z)  bosons (W+, W-, Z) bosons
polarizations) (gluons) (Massless (gluons)

versions are
gauge bosons
of EM & gravity)

HapyueHue Ha cumempuume —
CPT cumempusima ce 3anazea,
Ho CR P u T ce Hapywasam &

cAabume e3auModeiicmaus

Q-

Particle Antiparticle
909
Spin Spin

< T -

Time Time
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Cmanoapmen Mooen b6 @usuxkama na Enemenmapruume Yacmuyu -
Cumempusama kamo o0eOunsa8auy NPUHYUN

Cumempuu
- TAOBOAHU — MPaHCAGUUU U pomMayuU 8
RPOCMPOHCMBOMO U 8peMemo

U(l
- Auckpemuu - BT (1)
- BBmMpewHu — cumempust Ha SU(3)
Cmoaxdapmuust Modea SU(2)
SU(3) x SU(2) x U(1)

4.8 MeV 104 Mev'

dl:s

down strange

4.2 GeV

bottom

Cumetpun

B3aumopeicteue | En.
[cvna/ yactuua
EneKTpomarHuTHoO dotoH Y
CunHo yon g
Cnabo W, Z
6030HM

<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

e
2.1969811+0.0000022 ps

Texrxume uacmuyu ce pashadam Ha
hO-AeKU U & demexkmopume Ha
eACMEHMAPHU UaLMUuu ce
HabAtodasam KpaifHume npodykmu.
MiooHBM Mowe da b6vde
pezucmpupas dupexmuo hopadu
no-dBAZ0 BpeMe Ha JKUBOM.

1+

Vo g0

Sl
b

5x1072> 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.”

t tit t force carriers
FERMIONS 52125z 50, .. BOSONS pin-0.1 2, ..
Leptons sin=12  Quarks spin=12 Structure within  stong lo) spin=1

- the Atom

.. electron | <1x10-8
€ neutrino ”

€ electron [0.000511 Nucleus { Elect Color Charge

n 3 14 Size < 10-8m Each quark carries one of three types of
muon Size = 107%m
<0.0002 C charm i a -~

Quark

Size <101%m

“strong charge,"” also called “color charge.”
M neutrino These charges have nothing to do with the
e X colors of visible light. There are eight possible
S strange K types of color charge for gluons. Just as electri-

Neutron cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
tt p [ ) and ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.
b bottom

muon 0.106
73

V. tau
7 neutrino
| Proton
Atom Size = 10-5m Quarks Confined in Mesons and Baryons
One cannot isolate quarks and gluons; they are confined in color-neutral particles called
Size = 1010m haldro:s. Th;s (onﬂ‘nemen! (binclling)':esull; fron? 1;nu|(tip|e Exchadngles of )gluons among rt]he
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
quantum unit of angular momentum, where i = h/2r = 6.58x1072% GeV s = 1.05x10734 J 5, “h"‘* T"O'O"S;nﬂ r:;ll'rons in this ﬁl;‘;evelwer:'o m auoslsv gy in the color-force field between them increases. This energy eventually is converted into addi-
then the quarks and electrons woul ess than 0.1 mm in 5 -anti i ) T i et
) ) ) ) ) ) B sl (e entine wiom Would b3 sboit 10 kin are tional qyark antiquark pairs (see figure below). The quarks and antiquarks then combine m_(o
Electric charges are given in units of the proton’s charge. In S| units the electric charge of hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
the proton is 1.60x10~'? coulombs. nature: mesons gq and baryons qqq.

T tau

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec- Residual Strong Interaction
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
E = mc?), where 1 GeV = 10? eV = 1.60x10~"° joule. The mass of the proton is 0.938 GeV/c?2 strong interactions between their color-charged constituents. It is similar to the residual elec-

PROPERTIES OF THE INTERACTIONS

viewed as the exchange of mesons between the hadrons.

Electric Charge Color Charge Seeifesiclisl Srong
“ Quarks, Leptons Electrically charged Quarks, Gluons m
raviton + 0

10-41 0.8 2 Not applicable
10-41 10-4 60 to quarks
o Not applicable
36 =
10 107 to hadrons 20

ete~ —> BO EO pp—> 7070 + assorted hadrons
Matter and Antimatter 1
For every particle type there is a corresponding antiparticle type, denot- 2 Z
ed by a bar over the particle symbol (unless + or - charge is shown). hadrons /
Particle and antiparticle have identical mass and spin but opposite o
charges. Some electrically neutral bosons (e.g., 2, vy, and 0 = ¢C, but not ™A

i neutr: 25 . quarks &

K9 = d5) are their own antiparticles. _* gluons hadrors

The Particle Adventure

7 P 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
Figures drons. 0 Stanford Linear Accelerator Center
: N ) . 5 “ety, Divi ot =
These diagrams are an artist’s conception of physical processes. They are \ Z ;mencla-nEPhysucal Society, Division of Particles and Fields
z \
not exact and have no meaningful scale. Green shaded areas represent \\\ RN UR INDUSTRIES, INC.
the cloud of gluons or the gluon field, and red lines the quark paths. ) " i ’ .
9 9 quke Q;/ Two protons colliding at high energy can ©2000  Contemporary Physics Education Project. CPEP is a non-profit organiza-
An electron and positron R '—0 produce various hadrons plus very high mass tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
A neutron decays to a proton, an electron, (antielectron) colliding at high energy can B’ particles such as Z bosons. Events such as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
and an antineutrino via a virtual (mediating) annihilate to produce B® and BY mesons one are rare but can yield vital clues to the materials, hands-on classroom activities, and workshops, see:
W boson. This is neutron j3 decay. via a virtual Z boson or a virtual photon. structure of matter.
http://CPEPweb.org
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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 668 Bcenenama u épw3xa c
CP napywenue 6 Cmanoapmnus Mooen?

Om kakeo e cbcmagena “‘mvmuama mamepus” u “‘mvmHama
enepeust”’ b6 Bcenenama?

F=ma E=mc2
Bcuyko ToBa e
NpPaBUJIHO.

Ho Kak eanH obeKT
CTaBa MAacMBEH?

Ha kakeo e npunuyana mamepusama 8 nvpeume mMuco8e Ha
Bcenenama? (keapx-entoonna naazma?)

Bw3mooicnu au ca noseue pazmeprnocmu?
HUma nu nosa cumempus? SUSY?

CumynaumAa Ha KBapK rMOOHHA
naa3ma npu 2 TpuanoHa K

Particles Quark Gluon Plasma

Dark Energy
73%

Atomic Mattc)

High Energy collision creates 2l ) ; ' y 0
mixture of quarks and gluons - ¢ 4.6% .
such as existed at the very early nght

Neutrinos

In = " stage of Universe
Supersymmetric “shadow” particles 0.005% 0.0034%
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3. Excnepumenmanna npoeepka na
Cmanoapmnusa Mooen u nosu
e1eMeHmMapHu Yacmuyu 6
excnepumenma CMS na LHC

AN
O
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O
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[PaHMUA Ha HaWweTo
NO3HaHMe 40 AHeC

Magnetism

QED Electro

Long range

Magnetism 0
Electroweak 9 Maxwell Electricity

Model Fermi
Grand AN Weak Theory Weak Force
. . ¢>,; Standard Short range

Unification § o model
Quantum w

(Sravity QCD Strong Nuclear Force
Strings? Short range

Super :
Unifidation Kepler Celestfal
Universal Gravity
Gravitation Rkl
. Einstein, Newton Terrestrial

Gallei Gravity
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Llen Ha dpn3nKaTa Ha BUCOKUTE eHEepPrum
1. [la ce HagHWKHe AbNOOKO B

Mpupoaata (E ~ 1/pa3mepa)
(MoLLeH MMUKpocKon)

2. la ce OTKPUAT HOBM YaCTULIN
c no BMcoka maca (E = mc?)

3. la ce nusyun mnagata BceneHa
(E = KT)

N Bcmuko ToBa B JTabopaTtopua — LHC-CERN

de Broglie

Einstein

Boltzmann

10
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7 TeV + 7 TeV

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

CseTumocT
L=N2kfy/4nep = 103*cm-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

P
Bus Bars ‘ )
//) 2 )

§ Q Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

; Instrumentation
Protfjcit(;gr; Feed Throughs
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ExmHuum Ha usmMepBaHe

BeposATHOCT M1 MHTEH3UBHOCT HA B3aUMOJCVCTBUETO!
Ceuenue Ha pasceliBaHe ~ I?
Oapu: 106 =102*cm?

1 M6 = 1027 cm?

1 16 = 10736 cm?
CBetuMoOCT (MHTCH3UBHOCT Ha CHOIIOBETE IMPOTOHM): CM’
LHC 2010: ~ 10% cm2-ct

2011: ~10% cm2ct

2012: ~10% cm2c?

2.~-1

.C'

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

CpaBHeHHe HA eHeprumTe

Cucrema Ha neHTbpa Ha MacuTe(CLIM) JlaGopaTopHa cucrema(JIC)
JlabopaTopusi ®epmuiad ,Yukaro 1 TeB X 1 TeB 2.10° TeB
LHC 3.5TeB X35 TeB 2.10* TeB
LHC 7TeBX 7 TeB 10° TeB

LHC PbPb - 5.5 TeB HykJ0H/HYKJIOH
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7x1012 eV eHeprua Ha cHona
1034 cm-2s-1 cBeTumocT
2808 naketa/cHon

101! npoTtoHa/naker

npecuyaHe Ha naketu — 4x107 Hz

NPOTOHHU c6NbCcbUM 10° Hz

pa)aaHe Ha HoBM YacTuum 10 Hz(Higgs, SUSY,....) i i
a Lo e L p e
Cenekuusa Ha 1 cbbutne ot 10,000,000,000,000 p_f z
i
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LHC :

...NMPOTOHUTE 0OUKANAT CbC
CBET/IMHHA CKOPOCT 27 KM TyHen
B MPOTMBOMNONOXHMN MOCOKMU
11,000 nbTh B cCekyHAa.

...3a 13 Ce YCKOPAT NMPOTOHMU
61130 00 CKOPOCTTA Ha
CBET/INHATA Ce U3MUCKBA BaKyym
no-AbNOOK OT MeXXay3Be34HOTO
npocTtpaHcTeo. Mma 10 nbTH No-
ronAama atmocdepa Ha JlyHara,
oTKonkoTo B LHC.

...KOraTo gBaTta YCKOpeHu cHona
NPOTOHU Ce yaapAT, TOBa LWe
reHepupa Temnepatypa 100,000
NBbTU NO-roNAMa OTKOJIKOTO B
AApPoTO Ha C/IbHLUETO, HO B
MWKPOCKOMUYHO MPOCTPAHCTBO.

POINT 4 |

Ml ..
R, - <=3
I :ﬁ—}:_.?' h o f .
_ e secTords et Gl
A -t / bt k'ﬁ‘b-“*}{_}:__ 3 \
& SECTORM CMS  SECTOR 56" ‘({k “ l
o /| ‘
A A
fiy %
G
v SECTOR 67
. l ;)'
~ SECTOR 23 ‘—4‘5 I
I
4
2 ”
\ K{J‘ -v"‘A.'l 0
POINT2 |
i  SECTOR 7a~. 4
ALICE \(L ‘
1o
| = O poINT 8
e LHCb
ATLAS 21 Aug 2008
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[IpuMep Ha OCHOBHU MPOIECH MPU B3auMoeiicTBUETO Ha mpoToHuTe B LHC

HpOWlOH’bm ce cbcmou om 3 KeapKka u cnroOHHO
noJsie koemo cu 361019]?9{061 — moea mepreHue ee6
CUjla 3a nNpomoH C HUCKA eHePcUsl. Hpu CKopocm
Onu3Ka 0o CKopocmma Ha ceenuiunama, 6
NnpomoHa ce nosAea6ant MHox)Ccecmeo Yacmuyu —

¢

KeAapKu, AaHmMuKeapKku u cirwoHu — ,, napmornu “.

p Parton p Parton:

A\

Ilpu oocmamvuno 8ucox uMnyic eouH
omoeineH Keapk mModice 0a ce omoenu om
NPOMOHA, NPU MOBA CULAMA HA NPUBTUYAHE
Hapacmea ¢ paCmosHuemo u 2H0OHHOMO
noie paxcoa 0ONvIHUMEeNHU KBAPK-
AHMUKBAPKOBU OBOUKU — PANCOA ce NUOH UTU
PA3MUYHU 8UO08€ AOPOHU /NUOHU, KAOHU U
Op./ Npu MHO2OKPAMHOMO PA3KbCEAHE HA
CMpPYHAMa c8bp36aud KeapKa ¢ NPomoHa.

Proton

oo
Y Quark loop
4

AJpOHHTE MPEANOYUTAT Ja CE TPyNupaT
110 HANpaBJIEHUE HA UMITyJICa HA BUCOKO
€HEepPreTUYHUTE KBapKHu — 00pasyBar ce
»AJPOHHU CTPYH * KOUTO CE PETUCTPUPAT B
JETEKTOpa
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Magnefic Field  dTesla
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Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets SCT Tracker Pixel Detector

Solenoid Magnet
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Muon system

' Electromagnsetic calorimeter

Hadronic calorimeter

-

|

: AR, N\
I . ‘ :
ol S\ N \‘\\ =N\
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2010 - Higgs Ha CMS
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g iefoev glil.cGevV
% %A %
14 14 15

up charm top

4.8 MeV 104 MeVv 4.2 Gev

-4 -4 -4
1A Y Yo

down strange bottom

<22eV <0.17 MeV <15.5 MeV

1.Cmanoapmen Mooen 6v6 @uzuxama na Enemenmapnume
Yacmuyu % Ve 1. Vu . Ve

electron muon tau 126.3 GeV

neutrino § neutrino | neutrino

0.511 MeV 105.7 MeV
-1 -1 -1
relipft

electron muon tau

1.777 GeV

Ilposepen MH020 MOUHO U 6 3a8bPUIEH 6UO C OMKPUBAHEMO HA
Xuzc 06030na.

2. Omeopenu eévnpocu nped Cmanoapmnuus Mooen —

pazeumue Ha d)u3ul<ama Ha ejiemenmaprume uacmuyu u
Kocmojiocusima — ucmopusama Ha Bcenenama.

Kaxk ce onpeoensm macume na e.u.?
3awo umame 3 eenepayuu Ha e.y.?
Cvomuouenue mamepusi/anmumamepusi 668 Bcenenama?

Om kaxeo e cbcmasena “‘mvmuama mamepus’ u “mvmHama
enepeusi”’ 8v8 Bcenenama?

Cvuwecmsysam iu Opy2u 8U006e CuMempusi Ha en.d. —
,, Cynepcumempus “‘?
PPV 7777

3. Excnepumenmanna npoeepka na Cmanoapmnus Mooen u Hosu
enemenmapnu yvacmuyu na LHC oS
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Pieter Bruegel de Oude "Babylon tower" 1563

11 fuoocues — UAUAE — BAH, Ilpoepama Bwvneapcku Yuumenu - IIEPH 26.7 — 1.8.2015

23



