BbBeneHne BbB GU3MKATA HA eJIEMEHTAPHUTE YaCTULHU
Homu. Ilnamen Simxues — UAUSE - BAH

1.Cmanoapmen Mooen 6vé @uzuxama na Enemenmapnuume Yacmuyu

Cumempuama kamo 00eOuHs8au, NPUHYUN
Cunu Ha 83aumooeticmsaue u cumempuu
Cnonmanno napyuienue Ha cumempuume

2. Omeopenu évnpocu nped Cmanoapmuusn Mooen

Kax ce onpedensam macume na e.u.?

3awo umame 3 cenepayuu Ha e.4. U KAK apomamume HA K8ApKUmMe u HeympuHama ce
cmeceam?

Cvomuowenue mamepus/anmumamepus 668 Bcenenama?
“Tomua mamepus” u “mvmua enepeus’”’ 6v8 Becenenama?
Cwvuwecmeysam u opyau 8udose cumempus Ha en.u. — ,, Cynepcumempus *“?

3. Excnepumenmanna nposepka na Cmanoapmnus Mooen —
Jlemexmopu na wacmuyu na yckopumens LHC 6 [JEPH u
pazwupernue nHa Cmanoapmuus Mooei

4. Ilepcnexmuesu na pazeumue na [JEPH — LHC
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BbBeneHue BbB (hu3nKara Ha €JIEMEHTAPHUTE YaCTULN

A small fraction of the CMS
Collaboration: June 2012
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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 20 738 o H
Maca 102! ot macarTa @ d.. ﬁ ﬁ_7 0 Higgs
€= 4 Feynman diagram for boson

Ha NPOTOHa, 3apag O

like charge repulsion

Enemenmapnuume Yacmuuyu oy space, A SO
8 Haulemo éceKuoHesue Vil partck”. I this oame

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

CrMeTpHATA e BoJell IPUHLUI BbB GU3UKaTa Ha @ ——=+ @

eJleMeHTapHUTE YaCTULH - TIpe3 7978 T, belle -

I0Ka3aHa Bpb3KaTa Ha BCIKAa CUMETPHS ChbC 1 P ™ B

3aKOH 3a 3amna3BaHe (7 Nother). - -

[Mo6asHM CUMETpUH: Fl=com  ommen | [Al=gle

- TpaHcianua BbB BpeMeTo - 3ana3BaHe Ha s il -t l__---/ Same taw o physcs
eHeprudara o ttan) <— Noether’ theorem

- TpaHc/ianus B IPOCTPAHCTBOTO - 3anas3BaHe 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 o~
- ’[ -

cJIabuTe B3aUMOJAelCTBUA

Time Time
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1. Cmanoapmen Mooen 6v6é Puzukama na Enemenmapnume Yacmuyu -
1.1 Cumempuama kamo 00eOuHa6aui NPUHUUN

CumeTpuu

- [1o6aJsiHM - TpaHCIALUMU U POTALUU

B

IIPOCTPOHCTBOTO MU BPpEMETO

- JluckpeTHU - CA7

- BbTpelllHM - cUMeTpus Ha

CrangaptHuda Mogen

2.4 MeV 127 GeV 171.2 GeV
%A % %
upiclit

up charm top {

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
w Ve e YIHRe VT
electron muon tau W
neutrino f neutrino | neutrino F
0511mev  [105.7 Mev [ 1.777 Gev

il 4 il 1 i
1% e 145 I—l 14 T

electron muon tau 4

e
2.1969811+0.0000022 ps

Cumetpua B3aumopeicteue | En.
yactmuya
U(l) EnekrpomarHutHo ®oTOH Y 0
SU(3) Cunxo yon g 0
SU(2) Cna6o W, Z 80, 91
6030HM GeV

Texxkure qaCTHULH Ce
pa3naaaT Ha II0-JIEKHU U B
AE€TEKTOPHUTE Ha
€JIEMEHTAapHHN 94aCTHULOHU CE

Ha0JIl0/IaBaT KpPaWuHUTE
NpoAyKTH MIOOHBT MOXe Ja
O0'bJle perucTpyupaH
JMPEKTHO MOPa/IK MO-/IbJIr0

7 MPOTOH =

7 Gl
é—:/f(&z

BpeMe Ha JKUBOT. Ly Y
w q'
Vi

t
b
5x102° 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 (

11 Aioowcues — HAHAE — BAH, Ilpoepama bvnzapcku Yuumenu - HIEPH Oxm.2017



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.
Maca npu100MBAT H KBAPKHTE, KOUTO KAaTO ChCTABHA YaCT HA ATOMHHUTE si/IPA Ype3 MPOTOHUTE U
HeyTpPOHHUTe reHepupar 99% ot macara B CBeTa 0K0J10 HaC.



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.

) d

These diagrams are an artist’s conception of physical processes. They are Q;’
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.

Figures

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.

uee — MANAE — bAH

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




[Tapamerpu Ha CrangapTHus Mojen — HaOmonaBann Ha CMS

Events / GeV

2.7 b (13 TeV)

10"
Trigger paths
. CMS -
10° & Prelimi Uy
reliminary Jhy v
1 08 q) v BS
y Y
Y B low mass double muon + track
1 07 = BS double muon inclusive
E ®
10°E Z
10°
10
103_5
1 1 | 11 1 | 1 | 1 | 1 11 1 I | 1 | | | 11 1 |
1 10 10°
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S/(S+B) Weighted Events / GeV

CMS Preliminary 12.9 o' (13 TeV) CMS Preliminary 129 fb ' (13 TeV)
FrT AL L rTTTTTTT rrTTTT

T T r ] T I T T 1T r TT7 T = } 45 _II TT | TTTT | TTTT | TTTT TTTT TTTT | TTTT | TTTT | TTTT | TT II_
C ~ All categories 1 O C e Data .
- My=126.0 GeV, n=0.95 S/(S+B) weighted . & 40F [] H(125) .
4000} { Data 1 o - [ 99-2Z,Zy* ]
C — S+B fit Z s 35 . I 99—Z2Z, Zy* ]
00— ™ 0 e Bcomponent | 3 F I Z+X i
C + ] - — .
EDGD_— - 2.0 . - :
- ] 251 -
1000~ ] - .
C X . 20— -
D -I L1 L1 1 1 ] L1 1 1 |- ] I. 11 1 I L1 1 1 I | - |. 1 LJ—H 15 :_ _:
20-3;— B component subtracted_% - .
= = 10 { E
100 = - m
ol : 55 -
100 . »
100 110 120 130 140 150 160 170 _ 180 c}D 80 90 100 110 120 130 140 150 160 170
m,, (GeV) m, (GeV)

Figure 1: Mass spectra obtained in the 2016 CMS Higgs search using the di-photon (left) and four-lepton (right)

decays channels. The significance of the observed signals around 125 GeV is larger than 5 standard deviations in

both channels. The analysed data correspond to an integrated luminosity of 13 fb~1, collected with the CMS

detector at a centre-of-mass energy of 13 TeV. 14
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2. Omeopenu eévnpocu nped Cmanoapmnuus Mooen

Kak ce onpeoensim macume na e.u.? — Mexanuzom na Xuec

3awo umame 3 cenepayuu Ha e.y. ?

Cvomuouenue mamepus/anmumamepus 68 Bcenenama ? :

F=ma E =mc?
Bcuuko ToBa €
MIPaBHITHO.

Ho xak equn o0ekT
CcTaBa MacUBEH?

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

uepeus” u “‘mvmuama

Ha xakeo e npunuuana mdans
Bcenenama? (keap

Bwvsmoorcnu 1w ca noseue pas
Hma nu nosa cumempus?

Dark Energy
73%

:' - i "‘
v’y '.- " ‘ X : “
L » ¥ ~ > . - .
Y " ot .I
. : 7 -y o y " ,. i
. .‘ 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 2 nght
Supersymmetric “shadow” particles stage;okUniverse 0.005%

Neutrinos
0.0034%

16
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HoBO npegusBuKaTencTeo Npea HaykaTta:
Oa pasbepem nbpBMUTE MUTOBE OT Cb3aBaHETO Ha BcerneHara
cnen [lonemua B3pus

| 13.7 MnpAg. roanHu

| 1028 cm .



HISTORY OF THE UNIVERSE A

Dark energy
accelerated
expansion

Structure

Cosmic Microwave A
formation

Background radiation

Accelerators is visible

1 rse
ze of visible unive

Si

W04 SNOTDAN
WHO4 1NN

z S = —
7 — > fo 3 e 3
>
& 7 S S S S
t = Time (seconds, years) <, V3 —'\_\ ~ .:2'
y
E = Energy of photons (units GeV = 1.6 x 10— 10 joules) o> B A=
v
”
Key o L9
G quark VY neutrino @ ion * o
i~ gluon
4 Wi s
© electron o cesens B ciom - galaxy
o o mieson . «:/ ~
™ muon black
© tau @D baryon M photon - Pioc
X , . Magnetism

QED Electro

Magnetism
Electroweak Maxwell

3. Excnepumenmanna nposepka na Model
A s Weak Theo Wez:oi:zr;e

Cmanoapmnusa Mooen u nosu Unication model

Quantum
Gravity QCD Strong Nuclear Force
_

e1eMEeHMAapHu Yacmuuu 6 o e

Super Keplter Celestial

Long range

Electricit

excnepumenma CMS na LHC Unification

Universal Gravity
Long range

Gravitation Terrestrial

Einstein, Newton
paHuya Ha Hawemo no3HaHue 00 OHec Gaitel Gravity
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g iefoev glil.cGevV
%5 %A %
Y B b3

up charm top

4.8 MeV 104 MeVv 4.2 Gev

-4 -4 -4
1A Y Yo

down strange bottom

91.2 GeVv 0
[1]
4
eak 125.3 GeV
rce
80.4 GeV
wH° "
1
Jeeak

<22eV <0.17 MeV <15.5 MeV

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

electron muon tau
neutrino @ neutrino § neutrino

0511Mev 1057 Mev [l1.777 Gev
cil e -1 =1
b3 Y u Y T

electron muon tau

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

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

11 iioocues — HAHAE — BAH



3. Excnepumenmanna npoeepxka na Cmanoapmuus Mooen —
oemexkmopu na uacmuuu Ha yckopumens LHC ¢ I[EPH u
pasuwupernue na Cmanoapmuus mooen

1. lIporpama na LHC

2. [lpeMmuHaBaHe HA YACTHIU MPe3 BEIIECTBOTO HA JIETEKTOPA
3. EJleMeHTH Ha 1eTeKTOpuTe HA ejieMeHTapHu YacTuiu Ha LHC: TpexoBu

nerekropu, Kagsopumerpu, MIOOHHH 1€TEKTOPH
4. erexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE

IIporpama na LHC

Jla ce HaMepsIT HOBU YacTULIK/ HOBU CUMETPHUH/

HOBH CUJIN?

IIpousxon Ha Macata — Higgs 0030H;
CynepcuMeTpruYHN YaCTUIIM — YaCTHUIIA Ha
ThbMHaTa MaTepusi?

JIOBIHUTEIHU Pa3MEPHOCTH TPOCTPAHCTBO-
BpE€ME: TPABUTOH?

N3zyuaBane Ha CP HapyIlIECHHUETO;

N3ydaBaHe Ha KBApK-TJIIOOHHA I1J1a3Ma;
HeouakBanu pesynraru.

J1a ce uzne3e u3BbH SM

11 Aiioorcues — MAHAE — BAH

NucTpyMeHTAapUYyM

YckopuTeu - MOIIHY MaIllMHU, KOUTO
YCKOPSABAT YaCTHUIIM 10 EKCTPEMHO BUCOKH
CHEPIruu 1 ' COIbCKBAT C JIPYTH YACTHUIIH;
JleTeKkTopHu - THTaHTCKU MHCTPYMEHTHU, KOUTO
3anycBaT UH(OpMaIUATa OT POJCHUTE B
TOYKaTa Ha COMbCKBAHE HOBU YAaCTHUIIH;
KoMmnioTbpHHM cucTEMH — J1a ChOUpAT,
ChXPaHsBAT, AHAJIIM3UPAT U PA3IPOCTPAHSABAT
OIPOMHOTO KOJIMYECTBO JIAHHU, [TPOU3BEICHU
OT T€3U JIETEKTOPHU;

Hay4yHu KOJIEKTHUBM — YUYCHU U UHKECHEPH,
KOUTO JIa TTIOCTPOST, HOAABPKAT U U3II0JI3BAT
TE€3U KOMIUIEKCHU MaIllMHM.



Llen Ha pM3mMKaTa Ha BUCOKUTE
eHeprum

1. [la ce HaaHWKHe AbA6OKO B
MpupoaaTa (E ~ 1/pa3mepa)
(MoLeH mnKpockon)

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

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

N Bcnyko ToBa B JTabopatopua —
LHC-CERN

11 Auooicues — HAHAE — PAH

de Broglie

Einstein

Boltzmann
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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
CBeTUMOCT:

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

f — wecrora Ha oGuKonKN Ha makeTHTE OT
Suprcondicting Gols i IPOTOHH
K- Opoii Ha makeTuTe OT MpoToHU = 2808

e Vesse O — pa3Mep Ha TOYKaTa Ha B3aMMOJEHCTBUE
Spool Piece . 2 A y Ha ITaKCTUTC

Bus Bars 9 g ’ Superconducting Bus-Bar
~
Oy = Oy 16 um

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel

Quadrupole

15 Bars ati
Bus Bars Radiation Screen

interaction region

The N, e - Ny
15-m long area A
LHC cryodipole 22

Auxiliary
Bus Bar Tube

Instrumentation
Protection :
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 uooicues — HAHAE — PAH



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

LHC 7x1012 eV eHeprua Ha cHona
1034 cm-2s-1 cBeTumocT
2808 naketa/cHon

101! npoTtoHa/naker

Ao
<* ¥S<**  npecuuyaHe Ha naketu — 4x107 Hz
NPOTOHHU c6NbCcbUM 10° Hz
s N -
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

24
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3. Excnepumenmanna npoeepka na Cmanoapmuusn Mooen u noeu enemenmapuu wacmuuu ¢ excnepumenma CMS
na LHC

POINT 4 ’ |
LHC : I 1
...NPOTOHMTE OBMKANAT CbC __pii - o Q‘f?.f.f;fff:ﬂg%{ POINT 6
CBET/IMHHA CKOPOCT 27 KM TyHe , SECTOR34 CMS - -secr:;:;?"" HL
B MPOTUBOMO/IOXHN NMOCOKM -:‘F N )
11,000 nbTM B CEKYHAA. o ’% & ‘f@
...3a A ce YCKOPAT NPOTOHMU D -
621130 00 CKOPOCTTA HA 1 SECTOR 57\63
CBETIMHATa Ce M3MCKBA BaKyym | sectorn S ”l
No-gbnOOK OT MeXKay3Be34HOTO J

npocTtpaHcTeo. Mma 10 nbTr no- :
NAbTHa aTmocdepa Ha JlyHaTa,
oTKonKoTo B LHC.

...KOraTo gBaTa YCKOpeHu cHona ¢ SECTOR 7p,§,;-”
NPOTOHU Ce yaapAT, TOBa LWe b /
reHepupa Temnepatypa 100,000 SECTOR 81 _ 3{,

| ST R = ~ ‘___..3:!'_1:'.'- " POINT 8
NBTW MNO-ronAamMma OTKOJIKOTO B e S e
A[poTo Ha CNbHUETO, HO B ATLAS 21 Aug 2008
MMUKPOCKOMUYHO MPOCTPAHCTBO.

25
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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:

Proton

o u quark 3 u quark ° u antiquark Q d quark Zz Gluon ’\'3 Quark loop
S
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LHC

LHC 27%nt

pp B3anmogencteme npu 7 + 7 TeV, 2 HacpeLHn cHona
k = 2808 nakeTa OT NPOTOHM B CHON

N = 10" npoToHa B naker

f = npecnyane Ha cHonoseTe = 40 MHz

I Avuoowcues — HAHAE — PAH
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1}

CMS Experiment Ne 2
ata recorded: Thu\Apr 5,05:47:3 2

Run/Event: 190401|/\254

b bumisection:\75 by
S rhitiCrossing; 19495845/ 1 M‘{




LHC

| ]
300K 300K-80K  80K-20K 20K45K 4.5K-1.9K
POINT4 || [
b ~mn
e A pis® POINT 6
) I LU { f
Pk SECTOR 45 @,
~#“ SECTOR34  ° CMS  SECTOR 563
41/
A
/N /ﬂ {QX
734
‘ N
SECTOR 67\
4 A
N
' SECTOR 23 == |
q
ﬁ; A
| N ’ 7

POINT2 \ | sPS
ALICE @&~ SECTOR 12

SECTOR 7_5;. 7

\ SECTOR 81 /gf
7 \D poINT S

v LHCb
ATLAS 7 Apr 2011

U3UCKBAaHUA KbM AeTeKTopUTte
MHOrokaHasneH geTekTop

Jla NoKpuBa Uenmna tTeneceH bvroa 4m
XepmeTUYyHa KasiopumeTpuyHa cucrtema

TexHONOrM4YHO Npeanu3BUKATENCTBO

1.~ 1 munmapg nPoTOH-NPOTOHHNA
B3anmogenctema 3a ls

MakeTun, cbabpsKawm 10! npotoHa, ce
npecnyat 40 MMANOHA NBTU B LEHTHPA HA
BCEKU €KCNEPUMEHT

2. OrpoMHM NOTOUM OT BTOPUYHM YaCTULU
Xnnaam 4yactmum npecruyaT AeTeKTopa BCEKMU
25 ns

fonam 6pon KaHanm ~ 100 mmanoHa

fonam 6poit nndbopmauma (1 MB / 25 ns = 40
TB3a1ls)

3. Bucoka pagunaumaornumy

[a PeErncTtpmupa HarnpaBaeHNETo n M,EI,EHTM(I)I/ILI,Mpa 3apAga N MaCata Ha BCUYKN HaCTUUU

[a U3IMepun TeEXHNA UMNYNC U EHEPIUA

MollHa BbTpeLlHa TPeKoBa cMcTema
Bucoka pasgenutenHa cnocobHOCT Ha eNeKTPOMArHUTHUA KaIopMMETbP
MHoro Ao6pa MOOHHA NAEHTUPUKALMUA N M3MEPBaAHE Ha MMMY/ICa

B1COKO pagMaLMOHHO YCTOMUYMBY MaTepUau

I Avuoowcues — HAHAE — PAH



2. [IpemuHaBaHe HA YACTHUIH TIPe3

BELIECTBOTO HA IeTEKTOpa
NoHacToALEM 32 perncTpayma Ha 4YacTmum ce
M3N0N3BaT CAegHUTE NPOLLECU NPU TAXHOTO
B3aMMOJENCTBME C BELLLECTBOTO HA AETEKTOpPa:
1. EneKTpOMarHMTHO B3ammogencTame (BCUUYKM
3apefeHn +v)
2. CunHo B3ammogeicTeme (apoHu,
BKNOYUTENHO N HEYTPaAHUTE — N )
3. Cnabo B3anmopgencTesmne (HEYyTPUHO - v)

OCHOBHHU MPOLIECH NTPH
IPEMUHABAHE HA €JI. YaCTHUIIH
IIpe3 BEIIECTBOTO Ha

,I[eTeKTOpI/ITe
ﬁOHH3aHHH
MNbpBUYHA
MoHM3aumA
ToTanHa

MoHun3auuA
2

o(ionization) = f (E, gasy——> [a308B0 ycunsaHe

EJeKTpoOMarHuTHA JIABMHA

/ YHyBCTBUTEIIEH €JEMEHT

BSORBER

r
RPaveY; EaVaNaVval

X0 - PagmaumonHa gbnkuna — cpegrata  1- Macata (e)
[b/KMHA Ha NPOHMKBaHe BbB Bellectsoto KOHBEPTUPA B

npeau Aa ce npeamssmka EM nasuHa eHeprus (y)
CaMo OT e/IEKTPOHM, NO3UTPOHM U GoTOHM 2, PaskaaT ce e+e-
[BOWVKMU

AJIPOHHA JTJABHHA

Paxxpat ce
}\ - IHTepaKuMOHHA AbAXKUHA — cpegHaTa PA3INYHMN YaCTULM -
Ab/IKMHA Ha NPOHMKBaHe BbB BelecTsoto  p, n,M,v,AK,0

npeau Aa ce npeansBMKa aAPOHHA 1aBUHA
L'|yBCTBl/ITEI'IEH enemeHT

ABSDRBER : v | em
<
M Kackag
* e
nb A _
. I | S v AApOHEeH
RN % Kacka
S Heavy fragmert A
L A E S
' s 30
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2. IlpeMmuHaBaHe HA YACTHIHU MPe3 BEILIECTBOTO HA JIETEKTOPA - HOHM3ALMS

Kamepa c ra3oBo-eneKkTpoHHO ycunsaHe(GEM)

( yYMHOKaBaHe Ha 6pos Ha eN1eKTPOHUTE U MOHUTE Ype3 NO-BUCOK MPaANEHT Ha
eN1eKTPUYECKOTO none)

Yactuua

1 CONVERIION
AND
| oRIFT

AMFLIFICATION

Drift cathode .

71 TEAMEFEE

GEM
Drificathode | / | i Ga|n
1000V | DRIFT Son
> GEM] mmm ,q-I--------II ~20
/ / ignal IRANSFER 1 ‘ o
/ .> T T L LLLLLLLN ~20
VUV TRANSFER2 T:m
(AR v ~20
GEM3 m ?’ LU UL LU L LN
{ ‘.",' R i.f'“' LECTION \‘“
Readout PCB m ’ - — T ¥ ~8000

Amplifier

31
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2. IlpeMmuHaBaHe HA YACTHIHU MPe3 BEILIECTBOTO HA JIETEKTOPA - HOHM3ALMS

Cunnuymnes geteKkTop

particle track

n° type bulk

bias lines

\

[an Y e M ]

* electrons

depletian limit

isolation implants

I Avuoocues — UAHAE — bAH,
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2. [IpeMuHaBaHe HA YACTHIH ITPe3 BEIIECTBOTO HA I€TEKTOPA - HOHU3AIHSA

10 layers of Silicon Strip
Sensors surrounding
2-3 layers of Silicon Pixel cathode

Wires

Sensors.

15k silicon modules
containing )

. . primary
76M pixels + strips clusters.

entrance

The World's largest &
Silicon Tracker
=250m?2 ! s

ENEKTPOHUNTE

cathode pads plon electron

window | ||| |||

'/ | | amplification
region

drift

| # region

X 4 on |
TH-HA .‘ Chamber
/

pien TR photon  electron

OpendoBa Kamepa — CUTHAAN OT BPEMETO Ha ,,Apend” Ha

*—. bakelite

readout strips

> ToFEB

[MnkceneH AETEKTOP Ha TpeKOBE — MHOIOC/N0€eH
nonynpoBogHMKOB AETEKTOP OT TbHKU N1IACTUHKU C
HaHeCeHa BbpPXy UM €/IEKTPOHUKa

11 Tiioocues — MAUAE — BAH

MIOOHHM Kamepn CbC CbNPOTUBUTENHA NNOCKOCT —
2 HaHOCEKYHAMN CUTHAA 32 NPEeMUHAN MIOOH
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3. EnxeMeHnTH Ha JeTeKTOopUTe HA eJeMeHTapHu YyacTuu Ha LHC: AnpoHen kajiopumersp

ABSDRBER
R EM kackang

= } AnpoHeH
g Heavy fragmert
R e KacKaj

B AJPOHHHUAT KAJIOPUMETHP €€ MmMoJiydiaBa OTAaBaHE HA CHEPIrusaTa oT
A/[POHHU, KATO UMA !X YaCT OT CHEPrusiTa CBbp3aHa ¢
CJICKTPOMAarHuTHaATa KOMIIOHEHTA Ha B3aUMO/IeiicTBHE C BelleCTBOTO
Ha J€TEKTOpAa.

Otaanenara ot 3apeacHU MUOHU CHEPIrusd MOKE 1A Obae onucaHa
KaTo

?ri:feme-'-fhh
fhzl_fem

Kbaero };i € eHeprusTa oT 3apeJeHUuTe MUOHH,
€ — eHepPrusTa OT eJIeKTPOMArHUTHOTO B3aUMO/IelicTBHeE,
h — eneprusita Ha agpoHuTe,
f,— 4acT oT eneprusiTa Ha CBbp3aHa ¢ aJIPOHUTE
fo, — 4ACT OT eHeprusiTa CBbP3aHa C eJIeKTPOMATHUTHOTO
B3anMmojeiicTBue - 0k0s10 30% ot o01ara eHeprus,
EjekTpoMaruuTHaTa 4yact QUIyKTynpa 3HAYUTEHO H € 3aBHCHMA OT
eHeprusiTa Ha HAYaJHATa YacTHIIA,
B CJIE/ICTBHE HA T€3H 0COOEHOCTH HA OT/AIeHATA EHEPIUsi B a{POHHHUS
KAJIOPUMETHP
-> o(E) He e mponopuHoHAIHA HA _L_

E JE
-> 0TaJeHaTa OT A[POHUTE eHEPTHUsl He € JINHEeHO 3aBUCHMA OT
€Heprusita Ha YacTHIIUTE,
-> pasnpe/esieHMeTO HAa eHePrusiTa He € M0ACOHOBO.

34
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3. EnxeMeHnTH Ha JeTeKTOopUTe HA eJeMeHTapHu YyacTuu Ha LHC: AnpoHen kajiopumersp
: -




3. EnnemenTH Ha 1eTeKTOpHUTE HA eJeMeHTapHu yacTuu Ha LHC: Ejlekrpomaranren kajopumMersp

i
| ABSORBER

photons

electron
——

muons
—_—

rotons
aons

pions
e

neutrons

0
Kl.

innermost layer ——————— outermost layer

tracking electromagnetic hadronic muon
system __calorimeter _calorimeter  system

<

S

1 GeV eneprus B EM

KaJJOpUMETDBP
Eneprusita na EM cTpys ce oraenss Ha In(E./E )
MAaKCHMAJIHOTO Pa3CTOsIHME HA pasBUTHE HA |f = T “’; ‘
. n2
crpyara—t, ., 6podar Ha iionute N e _ o
— gpimax = I," N
NPONOPLHMOHAJICH HA OTAEJICHATA eHeprus. N = € Ey/E,
Otnanenara B EM kajiopuMeTsp eHeprus e c(E) . 1
NPONOPUHOHAIHA HA [z~ OT eHEPrusita Ha E JE
HAYaJIHATA YACTHLA.
36
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3. EnemenTH Ha geTtekTopuTe Ha ejeMeHTapHu Yactunu Ha LHC: Tpexosu aerexkropu, Kajsopumerpu,

MIOOHHH AeTeKTOPH
EJeMeHTH HA IeTEeKTOP 32 ejeMeHTapuu yactuuu Ha Compact Muon Solenoid - CMS LHC

0m m m im

Key:

Muon

Electron

Hadron (e.g. Fion)
'''' Photon

\ Electromagnetic
}:l ] '] Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS

Enementu Ha nerekropa CMS :
1.TpexoB aeTekTOp /TpaeKTOpHs Ha 3apEICHUTE YaCTHITH/
2.EnextpomaraurteH kanopuMetrsp /EM KoOMIIOHEHTa Ha €HeprusiTa Ha 3apeACHH YacTUIIH U (POTOHH/

3. AIpOHEH KaJIOpUMETHp /EHEePTHs Ha 3apPEICHNA U HEYyTPaTHU YaCTHITH/
4. MIoOHEH JIeTeKTOp / TpaeKTOpHs U BpeMe Ha IpeuTaHe Ha MIOOHH /.

37
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CMS, ATLAS, LHCDb, ALICE

4. JlerekTopHu komiuiekcu Ha LHC

3 |
S f
<
Q
®)
1%
<
)
S
.r.
Q
[*]
Q
S
Q
1 !
m.
Ol !
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4. lerekropan kommiekcn Ha LHC: CMS, ATLAS, LHCDb, ALICE CMS

Compact
Muon
CMS DETECTOR STEEL RETURN YOKE o
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS SOI enoli d

Overall diameter :15.0m
Overall length ~ :28.7m
Magnetic field  :3.8T

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 pm) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

39
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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

S



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

TR




HaBausa HoBa epa B'bB c|>y|-|p,ame|-|Tam-|aTa HayKa

I'IyCKa Ha Tonemus AopoHeH Konawp,epiH—iC)“‘e,u,MH OT Hal-ronemmTe u-
I'J106al1Hl/l HayYHW NPOEKTH, e HaW- BbﬂHyB‘am,ﬁTa NOoBpaTHa TOYKa BbB
4 ¢M3MKaTa Ha eﬂemeHTapHMTéﬁaCTMLI,M

“\ n.-hl “' “ij g

= T/IscnenBaHe5




Heat Exchanger Pipe
Beam Pipe
Superconducting Coils

Helium-Il Vessel

Spool Piece , ¢
Bus Bars e ‘ y / Superconducting Bus-Bar

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

. Instrumentation
ProteE)cigzz Feed Throughs
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HoBO npegusBuKaTencTeo Npea HaykaTta:
Oa pasbepem nbpBMUTE MUTOBE OT Cb3aBaHETO Ha BcerneHara
cnen [lonemua B3pus

| 13.7 MnpAg. roanHu

| .
1028 cm "



lonemuar

Quarks

Proton

Nucleus &

Pagnyc Ha
[fanakTukure

BceneHa

=]
Electron

Cprx I\/I_ POCKOIM

a

* IayyaBaHe on3n4HUTE 3aKOHU OT MbPBUA MOMEHT
cnen Nonemuat Bapus

* Cnumbunosza mexay dusnka Ha enneMeHTapHUTe
yacTnuun,Actpodusmka n Kocmorsorums 49
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N3yyaBaHe Ha enemMeHTapHUTE YacTuum u
TeXHUTe B3anmMmooencTBus

Quarks
matter particles guage particles
( 1st gen. 2nd gen. Srdgen. | [ SiFicd Eora )
Proton
Q
U
A
R
Neutron K x Electro—-Magnetic Force
4 J bottom (?\)
L AT TS, P \;’—;
\ \ / photorn
Nucleus & E | Ve Qﬁy Q/ﬁ
= F eneutrine | uneutrine ¢ peutrine Weak Force
e g AT _/’"‘\] AT T
Electron @ | @ | @ W W @&
L electron muon ou Wbesons 7 boson
scalar particle(s)
om
Elemaents of the Stancare Mods]
O Molecule

Maﬁer%‘ 50



e — —

CMS
LHC
\ Né}:.thArea
ALICE LHCb
TT40 1141
SPS Ny >
A » ’ AWAKEX
O\ ATLAS
: TT60 :
|
AD
e BOOSTER

1972 (157 m
V> MEENEEN ) (50LDE
s 1 - East Area

n-ToF ‘ PS

2001 ‘
LINAC 2
neutrons
LINAC 3 ¢ Leir
Yckopurerm lons )

LHC - FTonam AppoHeH Konaiigep
SPS — Cynep lNMpoTtoHeH CUHXPOTPOH

PS — MpoToHeH CUHXPOTPOH CHorioBe:
AD — AHTUNPOTOHEH Aecenepatop N

CTF3 — TecrtoB CreHpg 3a EKcnepumeHTa CLIC I:IPOTOHM
CNGS — HeyTpuHeH cHon ot LLEEPH 3a MpaH Caco > WUoHu

ISOLDE — YcraHOBKa 3a usy4yaBaHe Ha AgpeHu U3otonu > HeyTpoHu
LEIR — MpbcTeH 3a MoHu ¢ Hucku EHeprum » AHTUNPOTOHM

LINAC 2 — JluHeeH YcKkopuren 2

> EnekTpoHu
N-TOF — HeyTpoHa YcTaHOBKa
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4. Nerexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE
Peructpanus na cooutust B CMS npu 13 TeV —2015.

CMS Experiment at the LHC, CERN
Data recorded: 2015-Jun-03 08:48:32.279552 GMT
Run / Event / LS: 246908 / 77874559 / 86

Yactuuure, ch3gajJcHu IIpu cOIBCKBAaHETO Ha IIPOTOHUTEC B CHOIIA, U3JIM3aT OT LCHTbpA HaA CMS ACTCKTOpPA. Te II'bPBO CC PETUCTpUPAT OT
CHIIMKOHOBUS TpaKCp, YHMHUTO HaHHU CC HU3IIOJ3BAT 3a PCKOHCTPYKHOHUSA HA TPACKTOPHUATA HA 4YaCTULIHUTC /’KBITH JTHHHAH/. EHGKTpOMaFHI/IHT
KaAJIOPUMCTBD PETUCTPUpPA CHCPIrUuATa, HATpyllaHa OT CICKTPOHU H (bOTOHI/I, KOUTO MOratr ga C€ BHIOAT Karo 3CJICHH CJIICIH. I[’[;J'I)KI/IHaTa Ha
cjacaara € ImpoIopuruoHaiHa Ha OTAaACeHaTra CHCPIUA. EHeerﬁTa, pEerucTprupaHa B A,I[pOHHI/I}I KaJIOpUMETBP /OCHOBEH KOMITOHEHT Ha Cpr1/I/, CcC

npeacTaBsa CbC CHHU CICOM. qaCTI/IHI/ITe, JOCTHUTAIU 10 Hal-BHHIITHUTE Y49aCTblM Ha JCTCKTOpPA, CC PErucTpupar oT MrooHHHTE JCTCKTOPH U Ca
IIOKa3aHU B YCPBCHO.
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4. Nerexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE

Perucrpanus va cs6utus B CMS npu 13 TeV
CMS Experiment at the LHC, CERN ‘
Data recorded: 2015-Jun-03 08:48:32:2
| Run/Event/LS: 246908 / 7787455’86

A \\ ,.7/’//

Is
Hf ,/l,
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I/

Particles created from the proton collision stream out from the center of the CMS detector. They are first detected by the Silicon Tracker,
whose data can be used to reconstruct the particle trajectories as indicated by yellow lines. An Electromagnetic Calorimeter detects
energy deposited by electrons and photons which can be seen as the green boxes. The length of the box represents the energy deposit. The
energy detected by the Hadronic Calorimeter, the primary component of jets, is represented by the blue boxes. The particles reaching the
outermost reaches of the detector are detected by the Muon Detectors, and are indicated in red.

11 A iioocues — HAHUAE — BAH



4. Nerexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE

Peructparus na ce6utust B CMS npu 8 TeV 2010 — 2012 r. Untoctpanus Ha paboTata Ha MIOOHHHUSI IETEKTOP

A candidate "B_s — pp'’ event recorded in the CMS detector in 2012, produced in proton-proton collisions at 8 TeV
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CMS Experiment at the LHC, CERN
Data recorded: 2015-Sep-28 06:09:43.129280 GMT
! Run/Event/LS: 257645 / 1610868539 / 1073
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4. Nerexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE

Wucranupane Ha nerekropa CMS
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4. Nerexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE

Nucranupane Ha nerekropa CMS

I Avuoowcues — HAHAE — PAH



4. Nerexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE

Nucranupane Ha aerekropa CMS
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4. Nerexktopuu kommiexkcn Ha LHC: CMS, ATLAS, LHCb, ALICE

Hucranupane Ha nerektopa CMS
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4. Ilepcnexmueu na pazeumue na [JEPH — LHC

3a ;1a ce MOBUIIN YyBCTBUTEIHOCTTA HA OIICHKA Ha
Pa3IMYHUTE XUIIOTE3H 3a pa3lIMpPEeHHe Ha
CrangapTHUs MOJIEN € HEOOXOAMMO J1a ce
moaepuusupa LHC 3a padora npu Bucoka
ceetumocT — 5x10%cm? ¢t — HL-LHC

LHC

“CRAB” CAVITIES

16 superconducting ,crab”
cavities for each of the ATLAS [N
and CMS experiments to tilt the
beams before collisions.

CIVIL ENGINEERING
2 new 300-metre service tunnels and
2 shafts near to ATLAS and CMS.

\)N‘*E\‘ =

e’
b
'V.,‘»‘

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

BENDING MAGNETS
4 pairs of shorter and more

SUPERCONDUCTING LINKS
Electrical transmission lines based on a
high-temperature superconductor to carry 15 10 20 new collimators and 60 reptacement powerful dipole bending magnets
current to the magnets from the new service collimators to reinforce machine protection, to free up space for the new
tunnels near ATLAS and CMS. eallimatarg,

COLLIMATORS

HL-LHC

EYETS LS2 14 TeV
13 TeV
injector upgrade
Cryo RF P4
P7 11 T dip. coll.
Civll Eng, P1-P5

2.5 x nomina lumenosty

ATLAS - CMS
upgrade phase 1
nomnal luminosey w ALICE ” LHCb e

/" upgrade
30 o' [N 150 1o

ITT 5 3~m3100  HHTITTL . AT

LS3 14 TeV

energy

Sto7x A
HL-LHC nominal luminosity

installation

B

)

60
3000 fb™' EREHA

ATLAS - CMS
upgrade phase 2

CERM Noverte 2015



4. TlepcnexktuBu Ha pazButue Ha [IEPH — LHC

upgrade of injector chain to new interaction region layout
deliver brighter bunches and crab cavity

LS1 EYETS 14 TeV 14 TeV
1314 TeV - energy
g consolidation pgrade § 57
77Tey 8TeV collimators cryo Point 4 o HL-LHC Installation Rmnosity

marminal luminasity

ntegrated
luminosity

Run 3:

L =2x103*/cm? /s HL-LHC: Peak £ = 2 x 103 /cm?/s
for 300/fb level luminosity to

Nominal scenario: £ =5 x 103*/cm?/s

for 3000/fb; Pile-up <u> = 140
Ultimate Scenario: £ = 7.5 x 103**/cm? /s
for 4000/fb; Pile-up <u> = 200

~=25% increase in integrated lum.



4. IlepcnexktuBu Ha pazsurue Ha [IEPH — LHC

Pa3BuTme Ha NpoeKkTuTe 3a cnegBalmte YCKOPUTENHN KOMNIEKCHU

Possible scenarios of future colliders ™® FProton collider mmmmm  Construction/Transformation: heights of box construction cost/year
Electron collider

L1 Electron-Proton collider

Japan

China

CERN

Preparation

1TeV
=4-5.4 ab?

=25 BfTyears u
31km tunnel 40 km tunnel

SppC: = FCC-hh
EEEN

ILC: 250 GeV
2 ab!

20km tunnel
5,6 B/9 years

500 GeV
4 ab?

4 years

EOSIRINLEL CepC: 90/160/240 GeV
6 B/8 years 16/2.6/5.6 ab?

11 km tunnel

CLIC: 380 GeV
5 years 5,9 B/7 years 1.5 ab1

29 km tunnel

50 km tunnel

350365 Gev 17 B/11years FCC hh: 150 TeV =20-30 ab!

1.7 ab?
8 years FCC-ee:

10,5 B/10year 90/160/250 GeV
150/10/5 abt

100km tunnel Rz FCC hh: 100 TeV 20-30 ab!

24B/15 years
FCC hh: 100 TeV 20-30 ab!

8 years

100km tunnel

= . - -1 L N -1
HL-LHC: 13 TeV 3-4 ab e — HE-LHC: 27 TeV 10 ab From Ursula Bassler
2years 178/6 LHeC: 1.2TeV FCC-eh: 3.5 TeV 2 ab?
7B/6vearl () 55 4 10

AEEEE N ST T TN TR EEEE.

2030 2040 2050 2060 2070 2080 7/11/19 20907/
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I The Standard Model of particle physics we Leptons | theorised/explained

Years from concept to discovery : gz:'::: | Discovered

1880 90 1900 10 20 30 40 50 60 70 80 90 2000 12

Electron I—H
Photon =
Muon i
Electron neutrino |
Muon neutrino | s |

Down
Strange
Up

Charm

IIX

Tau
Bottom

Gluon

W boson
Z boson
Top

Tau neutrino

HIGGS BOSON
Source: The Economist
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Backup slides
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N3cneaBaHe Ha parkgaHe Ha YacTUuM , TbMHa MaTepma“CbNPOBOAEHO C MOHE eAHa BUCOKOEHepreTuyHa ,,ctpya“s CMS
19.7 b (8 TeV)

X %104'”(‘“‘”"'8\“"""l"';l‘b;{aw"-|"v'|w~-_§

% S ,'< % [ Z(= vv)+jets 3
i - X = s B W(— /v)+ets 7

o [ Top quark E

‘ f w [ Dibosons 7

10? I QCD multijet =

f Bz )+ets 3

----- Vector mediator
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! =
X ]
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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

Y axis [pair-separation unit]

1.50

1.35
11.20
11.05
10.90
10.75 =
l0.60 9
0.45
0.30
0.15

0.00

=3 -2 -1 0 1 2 3
X axis [pair-separation unit]

Y axis [pair-separation unit]

0.40
0.36
10.32
10.28
{0.24+
10.20 =
l0.16 9
10.12
0.08
0.04

0.00

=3 -2 -1 0 1 2 3
X axis [pair-separation unit]

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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Cobabp:kanue Ha nporpamara 3a yuureau B LIEPH:

Jleknuu:

BbBeneHnne BbB pU3MKaTa Ha €IEMEHTAPHUTE YaCTUIN
JleTekTopu U siIpeHa eIEeKTPOHHKA

BbBenenue B yckopurenure ,

BoBenenne B komruiekca ycxkopurenu Ha LIEPH n TaxHOTO ynipaBneHune
MenunuHcka pusuka

AHTHUMaTEPUS

ATOMHH si7ipa: OCHOBHU I'PAIMBHU KJIETKM HAa MaTrepusATa
Texxu oan: BeBenenne B ALICE

®u3ukKa Ha HEyTPUHOTO

Otkputuero Ha Xurc 6030Ha

IHocemenust Ha 1a00PATOPUM M EKCIIEPUMEHTH:
CMS — Compact Muon Solenoid

ATLAS - A Toroidal LHC Apparatus

ALICE - A Large lon Collider Experiment
LEIR - Low Energy lon Ring

ISOLDE - Isotope Separator on Line

AMS - Alpha Magnetic Spectrometer

CCC - CERN Control Centre

SM-18 Superconducting Magnets test facility
Idea Square

Cloud Chamber Workshop

Microcosm + GLOBE

Otkpuii J)Kenena
bbearapckara yuuresncka nporpamMa — ypoiu, MOCTUXKEHUS U MIEPCIIEKTUBU
BonpocHuliu 1 o1ieHKa Ha mporpamara



