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 ABOUKN KBAPKWN - 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 Bsanmoperictame (W,Z), [ ssson f mion N olav o

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

time AVAVA
time \
—~. 7

e e
space , \

Enemenmapnume Yacmuyu i A I RO
6 Haulemo éceKuonegue /) In the dlagram represents a

“virtual particle”. In this case
118 a virtlual photon



1.Cmanoapmen Mooen 6v6é Quzukama na Enemenmapnume Yacmuyu -
1.1 Cumempuama kamo 06eOuHa6au, NPUHUUN
T,

P Time translation )
{ L\ — » { £‘J
e I, T, =T+t =

eJleMEHTapHUTE YaCTHUIHU - TIpe3 7978 T. bellle . 5
[I0Ka3aHa Bp'b3KaTa Ha BCAKA CUMETPUA ChC A P I ;‘is\
FJIO6aJIHI/I CI/IMeTpI/IH" ‘,: ("u.‘j-r'ﬂﬂ-\ (time trar?s\i':g::(v‘\“%vaﬁanci)// ‘I ("-l!};i"j"
- TpaHcianusa BbB BpEMETO - 3ana3BaHe Ha N T
Conservation Law

-  TpaHciauua B IpoOCTPAaHCTBOTO - 3alla3BaHe Ha

MOMEHT Ha KOJIM4eCTBOTO Ha JABUKEHUE

‘brsioBusd MOMeHT
JAUCKpeTHU CUMETPUU:
IIPOCTPAaHCTBEHA YETHOCT
- 3ap4an -,C’- 3amasBaHe Ha 3apsA40Ba YETHOCT

CuMeTpHusTa e BoAell IPUHIUI BbB pU3UKATA HA
3aKOH 3a 3anasBaHe (£fowther). g -
Law of pr{ysics —_— —
eHepFHHTa (Energy conservation) <«—— Noether's theorem
- Porauua B npoCTpaHCTBOTO - 3ana3BaHe Ha
- Koopaunatu - ,P“- 3anma3BaHe Ha
- Bpewme -,T"- 3anma3zBaHe Ha BpeMeHHa YEeTHOCT e C

Particle Antiparticle

<_GP_., -

Spin Spin

HapymeHue Ha cuMeTpuuUTe -
CP7 cuMmeTpHUATa Cce 3ana3Ba,
HO (7, M 7 ce HapyLlaBaT B
cJIabuTe B3auMOJA el cTBUA

Time Time

TlameH Anakunes UAUAE BAH Yuntenn
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1. Cmanoapmen Mooen 6v6é Puzukama na Enemenmapnume Yacmuyu -
1.1 Cumempuama kamo 00eOuHA6aU{ NPUHUUN

CuMeTpuu CumeTtpua | Bsaumogeiicteue | En.

- [1o6asiHU - TpaHCAAUU U POTALMH yacTtuua

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

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

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

SU(3) x SU(2) x U(1) 7
OTOH =
2.4 MeV 1.27 GeV ;TI.ZGEV TeH{KHTe qaCTH H Ce Hp
U .zt Ly I v
up charm top : pa3naaaT Ha IIO0-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
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

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

MnameH Angxnes NAUAE BAH Yunutenu
Oktomspu 2019



1. Cmanoapmen Mooen 6vé Quzukama na Enemenmaprnume Yacmuyu -
1.1 Cumempuama kamo obeouHaeaui NPUHYUN

Yactuum- d

NpeHacaLm
B3aMMOJENCTBMETO
Mexay
enemeHTapHuTe
Yyactmum

EnemeHTapHU
YacTuuym




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

ezaumooeticmsue “‘coupling constants” a Resolution [m]

pling ; 1.0-17 . 1_62' ) 1.0—25 ) 1_029 ] 1333

Strength|_ : S
Hpumep: F = LZZ :\’Q"c
Enexmpomaznummo 4 PET &
83uMooeticmaue:. ) 100+
- 949 _ &
Jlepunuyus na a= 72—
KOHCMAaHmama ma 4 pé’ohc 4 P
g3aumooeticmsue. a
F =

2

Cuna na CLEKMPOMASHUNTHONIO 7

e3aumooeticmeue.

CpaBHeHHE Upe3 KOHCTAaHTUTE HAa B3aUMOJICHICTBUE
“coupling constants”

Cunno a;~1

Enexkmpomaznumno: a,, ~ 1/137 ol—i o g o o o
Cnabo: ay ~ 10°° 0 10 \l' 10°  1d" _1d*  1d°
I'pasumayus: a, ~ 104 ¢ Energy [GeV]

LEp LHC

Ipuauky ¥ pa3JnKM MeK1y BUIOBeTe B3aNMO/AeliCTBHA N3MeHeHNe HA KOHCTAHTHTE C eHeprusTa

1/em namains c E.

EM B3aunmoneiictBue C.1a00 B3anMojaeicTBae Cuiino B3anMojaencTBue

Enexrpuuecku 3apsan (1)  Cuab 3apsin (2) [[Beren 3aps (3) 1/weak pacte ¢ E.
besmacoB doTton Macusuu W*,Z 8 0e3MacoBH IIFOOHA 1/strong pacre ¢ E.
KOHCTaHTa ( KOHCTaHTa 0 KOHCTaHTa 0

MnameH Anmxmnes NANAE BAH Yuutenu Oktomepuy 2019



1.Cmanoapmen Mooen 6v6 @uzuxama na Enemenmapnume Yacmuyu Cumempuu u
Cnonmanno napywenue na cumempuume

B crotBercTBHE ¢ Teopemara Ha Heotep ot 1918 1, Ha Bcsika
HaOmonaBana cuMmerpus B CM chOTBETCTBA 3aKOH 3a 3ara3BaHe. 3a [cvna/
SU(3) x SU(2) x U(1) cumetpus 8 CM ce cbxpaHsBar 6apuOHHOTO
YHCJIO, IENTOHHOTO YUCIIO, EEKTPUUECKUAT U LIBETHUSAT 3apsil.

CumeTtpua | Bsaumopeiicteue En.
Yactuua

Particle Baryon Lepton Charge u() e PO RO ®oron y 0
number number

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

Neutron +1 0 0 | o

[Elecron | ©0 | # | 1 | SU(2) Caa6o W, Z 80, 91

Pi-plus 0o | 0 | 1 | o o 6030HH GeV

'Muon 0, +1 -3 |

'Neutrino 0 +1 0 ‘

Positron 0 -1 +1 |

/Antineutino =~ 0 E | &

Upquark |+ | o |+

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

Down quark +1/ 0 '

Cnonmanno HapyweHnue na CuMempusama — UlioCmMpayus.:
[Ipu no-BUCOKM €HEpPruu B CUMETPUYEH ITOTEHIIMAI TOITUYETO
OCTaBa B CpeAaTa U CbCTOSIHUETO € CUMETPUYHO, ITPU MO-HUCKHU
€HEpPIruy TOIYETO 3a€Ma ACUMETPUYHO ChCTOSHUE HA ,,JBHOTO
° Ha MOoTeHIMajna ,,MeKCHKaHcKara mamnka’ — HaOIogaBaMe
‘ CIIOHTAHHO HApYILIEHUE HA CUMETPUATA.

B pe3yjarar Ha CNOHTAHHOTO HAPYIIEHHE HA CHMETPHUSATA NMPH eJIEKTPOCJIa00TO B3anMoIeliCTBHE —
(¢oTona ocraBa 6e3macoB /He B3anMojeiicTBa ¢ mosiero Ha Xurc/, a W u Z 06030HM npuaoduBaT Mmaca.
Maca npu100MBAaT U KBAPKHTE, KOUTO KATO ChCTABHA YaCT HA AaTOMHUTE SI/IPA Ype3 MPOTOHUTE U
HeyTpPOHUTE reHepupar 99% ot macara B CBeTa 0K0J10 HaC.

Mnamen Angpxmes UANAE BAH Yuutenn Oktomepu 2019



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




Events / GeV

2.7 b (13 TeV)

—h

o
—_
o

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 = o BS double muon inclusive
10° Z
10°
10
103_5
1 1 | 11 1 | 1 | 1 | 1 11 1 I | 1 | | | 11 1 |
1 10 _ 10°
W invariant mass [GeV]
m = é VE? —p*e?,
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Exciting the Brout-Englert-Higgs field: the “Higgs boson”




The Higgs boson can decay in two photons ...

but only with a probability of 0.2 %




1.Cmanoapmen Mooen 6v6é Puzukama na Enemenmapnume Yacmuyu
1.3 Cnonmanno napyuwienue na cumempuume

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

KokreittHo maptu VIP nepcona nmpemuHaBa mpe3 3ajara — VIP nepconara mpunoOuBa Maca mopajau
IMone na Xurc — n3nbjaBa EjieMeHTapHaTa yacTuia B3auMoJieicTBa ¢ CTPYIIBAHETO HA )KYPHAINUCTH W 3aTPyIHABAHE
usiiata Beenena 10JieTo Ha XHure

Ha IPUJBUKBAHETO — YACTHIIUTE
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

)

VIP nepconara He npemMuHaBa mnpe3
3aJjiaTa, a caMo MpPaBU BaXXHO
cpobmenne — LHC koHmeHTpupa
eHeprus B TOUYKAaTa Ha

XKypnanucture 6bp3aT KbM U3X0/a 3a
Jla TIpe1a/iaT BaKHOTO ChOOIICHNE —
IHoseTro na Xurc resepupa

caMoBBb30y:k1aHe — XHUrc 0030H 15
c0JIbCKBaHE HA NIPOTOHHUTE

MnameH Angxnes NAUAE BAH Yunutenm Oktomspu 2019



5000

S/(S+B) Weighted Events / GeV

1.Cmanoapmen Mooen ¢v6é Puzuxama na Enemenmapnume Yacmuyu

Peructpupane Ha Xurc 6030H 110 J1Ba KaHaa Ha pa3nagane — H ->v u H -> 4|

CMS preliminary 12.9 o' (13 TeV) CMS Preliminary 129" (13 TeV)
.__|r1-|:_1>+':fr1|]||||||||1r|r1r||||||||r||-1r1|__ %45IIII|IIII|IIII|IIIIIIIIIIII|IIII|IIII|IIII|IIII_
C - ~ All categories O] e Data
m,=126.0 GeV, u=0.95 .
- H H S/(S+B) weighted E 40 [] H(125)
¢+ Data w ] qq—ZZ, Zy*
— S+Biit & 35 ¢ W 9922, 21"
------ B component N [ Z+X
(N ES R
[J*2 o 30 ]

25

20

:_Jnml-.ul-.ul....l;...l

IIIIIIJI]IIII IIII|.IIIIIIIII|III.I|.JI.

15

" B component subtracted
10

WllllllllllllII|IIII|IIII|IIII|IIII

——

of 5 =
-mn;— 3
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. 16
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1.Cmanoapmen Mooen ¢v6é Puzuxama na Enemenmapnume Yacmuyu

CpaBHeHI/IC Ha Macarta Ha Ha6J'IIOI{aBaHI/I$IT Xutc 0030H
C IpcaACKa3aHara oT CTaHI[apTHaTa TCOPHA Maca

ATLAS and CMS Preliminary :éK/ILSAS
LHC Run 1 +AT1LAS+CIVIS
N ; —*1c
H—ZZ) ——— Th. uncert.
Oy OygF I
B i OTKpHUTHAT XHUTC
Owi Oggr :
99 - 0030H CHOTBETCTBA Ha
o, H/G - H npeJcKa3aHara oT
WL E * CraHgapTHaTa TeOpHs
= yacTuIla /moje/, He
GttH/GggF : o 0 5
L ; HOCH HH(bOpManus 3a
BRWW/B RZZ —-°"‘—_..,_ pasmMpCHUC HaA
— : TeopusTa
BR '/BR i~ e
BR"/BR* ==
bb SUNP S
BR*/BR*| ==
| | | | I 1111 | 1 11| | 1 111 | 1 111 | 1111

-1 0 1 2 3 4 5 6
Parameter value norm. to SM prediction

Mnamen Anpxmes UANAE BAH Yuntenn
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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%

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

2 ,. Neutrinos
Supersymmetric “shadow” particles stage grUniverse 0.005%

0.0034%

Mnamen Anaxues UANAE BAH Yuntenu 19
OktomBpu 2019



HoBO npegu3BuKaTencTBo Npea HaykaTta:
Oa pasbepem nMbpBUTE MUTOBE OT Cb3aaBaHETO Ha BceneHara
cnen lonemua B3pus

| 13.7 MnpAg. roanHu

| .
1028 cm .




History of the

Cosmology

KeY5 WV, Z bosons NS\, photon
q quark q< meson * o
24 gluon )@ ® baryon 2 LHC
€ electron & ion - galaxy
Mhuon t tau o
N neutrino @ atom @ ack
hole

3. Excnepumenmanna npogepka na
Cmanoapmnua Mooen u nosu
e/1eMeHmMapHu 4acmuyu 6

excnepumenma CMS na LHC

paHuya Ha Hawemo no3HaHue 00 OHec

“C
e s
xoYS* A ~ena
Pcce\e"a e \C n %
) %\\\\:\?\\\_\,E? ® [FAY n
i el %\is ce™ C/S\’C -
“c\.%) e 5=t o= e A = n® -
=t = 9 N 4 % n>n % ‘\1
_ m3 n R B @ & 2.
%, 2.9 md e S b
Inflation =" 2,9 2t g X _ E
2! g gy * o d»
Tt =n . c - . =S
74 3 m e . g %)
et = .3 S N EAYAY
T ) 5 B
y 9qdqe = =3
i & i i = ] . 2 %
ot A9Gm = - % AL
St - =N
1, S
D
N

Quantum
Gravity
Strings?
Super
Unification

Electroweak
Model

Standard
model

QCD

Unification

QED Electro
Magnetism

Maxwell

Weak Theo

Astrophysics

Magnetism

Long range

Electricit

Fermi

Weak Force
Short range

Strong Nuclear Force

Universal
Gravitation

Einstein, Newton

Short range

Kepler Celestial

Gravity
Long range
Terrestrial

Galiei Gravity



% % ]
Yo % )
charm

104 MeV'
14
P ) 2
strange

<2.2eV <0.17 MeV <15.5 MeV

0 0 0

4 Ve 14 V'_[ A VT
electron muon tau
neutrino

1.Cmanoapmen Mooen 6v6 @uzukama na Enemenmapnume
Yacmuuu

neutrino | neutrino

0.511 MeV 105.7 MeV
-1 -1 -1
relipft

electron muon tau

1.777 GeVv

Ilpoeepen mMno020 mouHo U 6 3a6bPULIeH 6UO C OMKPUBCAHEMO HA
Xuzc 0o30Ha.

2. Omeopenu eévnpocu npeo Cmanoapmuus Mooen —

paseumue Ha qbu3ul<ama Ha ejlemenmaprume vacmuuu u
Kocmonocuama — ucmopusima Ha Bcenenama.

Kak ce onpedensm macume na e.u.?
3awo umame 3 eenepayuu Ha e.u.?
CvomHoweHue mamepus/anmumamepus 8b8 Bcenenama?

Om Kakeo e cbcmagena “‘mvmuama mamepus” u “mvmHama
enepeusl” 6v68 Bcenenama?

Cougecmeysam nu Opyeu 6uooge cumempus Ha en.d. —
,, Cynepcumempus “? N .
DDV 7777?7777 - i

................................................... =7 ATLAS ALICE 3
=5 Point2

3. Excnepumenmanna npoeepka na Cmanoapmuua Mooen u noeu
enemenmapnu wacmuyu Ha LHC

Mnamen Angxmes UANAE BAH Yunutenn Oktomspu 2019



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?

IIponsxon Ha Mmacata — Higgs 06030H;
CynepcuMeTpruYHN YaCTUIIM — YaCTHUIIA Ha
ThbMHaTa MaTepusi?

JIOBIHUTEIHU Pa3MEPHOCTH TPOCTPAHCTBO-
BpE€ME: TPABUTOH?

N3zyuyaBane Ha CP HapyIlI€HHUETO;

N3ydaBaHe Ha KBApK-TJIIOOHHA I1J1a3Ma;
HeouakBanu pesynraru.

J1a ce uzne3e u3BbH SM

NucTpyMeHTAapUYyM

YckopuTeu - MOIIHY MaIllMHU, KOUTO
YCKOPSABAT YaCTHUIIM 10 EKCTPEMHO BUCOKH
CHEPIruu 1 ' COIbCKBAT C JIPYTH YACTHUIIH;
JleTeKkTopHU - THTAaHTCKU UHCTPYMEHTHU, KOUTO
3anycBaT UH(OpMaIUATa OT POJCHUTE B
TOYKaTa Ha COMbCKBAHE HOBU YAaCTHUIIH;
KoMmnioTbpHHM cucTEMH — J1a ChOUpAT,
ChXPaHsBAT, AHAJIIM3UPAT U PA3IPOCTPAHSABAT
OIPOMHOTO KOJIMYECTBO JIAHHU, [IPOU3BEICHU
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. Ja ce HagHMKHEe AbNOOKO B
Mpupopata (E ~ 1/pasmepa)
(MoLeH mnKpockon)

2. [la ce OTKPMAT HOBM YaCTUUM
C Mo BMCOKa maca (E = mc?)

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

M BCcMuKo ToBa B JlabopaTopua —
LHC-CERN

de Broglie

Einstein

Boltzmann

Mnamen Anpxmes UANAE BAH Yuntenn

OkTtomspu 2019
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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 — YeCcToTa Ha OOMKOJIKM Ha AKETUTE OT

Beam Pipe

Superconducting Coils HpOTOHH

K- Opoii Ha makeTuTe OT MpoToHU = 2808

e Vel O — pa3Mep Ha TOYKaTa Ha B3aMMOJEHCTBUE
Spool Piece = 2 y Ha IIaKCTUTEC

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

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel

Quadrupole

15 Bars —
Bus Bars Radiation Screen

interaction region

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

Auxiliary
Bus Bar Tube

25

Instrumentation
Protection 4
Diode Feed Throughs
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3. Excnepumenmanna npoeepka na Cmanoapmnuus Mooen u nosu enemenmaphuu wacmuuyu ¢ exkcnepumenma CMS
Ha LHC

ExmHuuum Ha usmepBaHe

BeposATHOCT 1 HHTEH3UBHOCT HA B3aUMOJICVICTBUETO!
CeueHue Ha pasceliBane ~ I?
Oapu: 106=102*cm?

1 M6 = 10?7 cm?

1 16 = 1036 cm?
CBetuMOCT (MHTEH3MBHOCT HA CHOIOBETE IPOTOHM). cM ¢t
LHC 2010: ~10% cm2ct

2011: ~10®¥ cm2c?

2012: ~10% cm?-ct

2021: ~5x10%* cm2-ctHL-LHC
YecToTara Ha B3aUMOJIEHCTBHUATA IIPH COMBCKBAHE HA CHOIIOBETE OT MPOTOHH =
CBETUMOCTTa X CEYCHHUETO
[Ipumep:
bo3on Ha Xwurc:
ceuenue (M =125 I'B npu 8 ™B) = 10 n6

1 cu6utre 3a 10 cek. mpu ceetumoct 1034 cm2-¢t

CpaBHeHHe HA eHeprumnTe

Cucrema Ha neHThpa Ha MacuTe(CLIM) JlaGoparopHa cucrema(JIC)
JlabopaTopuss ®epmuiad ,Yukaro 1TeB 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 nykjon/HykiaoH



3. Excnepumenmanna nposepka na Cmanoapmuusa Mooden u Hoeu elemenmapHu 4acmuuu 6
excnepumenma CMS na LHC

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

101! npoTtoHa/naker

i

@ +
@lpomuuu c6nbebum 10° Hz H &.,-r#'

aXKpgaHe Ha HOBM YacTuum 10 Hz 1

& (Higgs, SUSY,....) JL.' I_b +—F L ot

) yrs .‘ Z
Cenekuusa Ha 1 cbbutue Ty
ot 10,000,000,000,000

MnameH Angxmes UAUAE BAH Yuntenn Oktomepm 2019



3. Excnepumenmanna npogepka na Cmanoapmuus Mooen u nosu enemenmapuu wacmuuu ¢ excnepumenma CMS
na LHC

CERN Particle Accelerator - LHC:

Linear Particle ATLAS «..TMIPOTOHUTE OOMKAJISAT ChC
Accelerator Detector g e CBETJIMHHA CKOPOCT 27 KM
TYHeJI B IPOTHBOMNOJIOKHHU
nocoku 11,000 nbTH B
CeKyH/1a.
...32 1a ce YCKOPAT NPOTOHH
0J1130 10 CKOPOCTTa HA
CBETJIMHATA Ce M3HCKBA
BAKYyYM IO-ABJI0OOK OT
MEKI1y3Be31HOTO
NPOCTPAHCTBO.

Hma 10 nbTH NO-IUIBTHA
Bending/ Focusing aTMocgepa na JIynara,
Magnets oTkoikoTo B LHC.
...KOraTo JIBaTa yCKOPeHH!
CHOIIA MPOTOHM Ce YAAPSAT,
TOBA 1lle TeHepHupa
temneparypa 100,000 nbtu
MO-r0JsIMa OTKOJIKOTO B
sa1poTo HAa CJbHIETO, HO B

0.999999991c¢c MHKPOCKONHYHO

NMPOCTPAHCTBO.

Proton Synchro 'on

28
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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

29
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3. Excnepumenmanna npoeepka na Cmanoapmuus Mooen u noeu enemenmapHu 4acmuyu 6
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 NpomoH ¢ Hucka enepeus. Ilpu ckopocm
OU3KA 00 CKOPOCMMA HA C8EMIUHAMA, 8
NPOMOHA ce NOSABABAN MHONCECTNEO YACTMUYU —
K8apKU, AHMUK8APKU U IIOOHU — ,, HAPMOHU .

Parton p Parton:

p

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 e ol S y
Op./ npu MHO2OKPAMHOMO PA3KbCEAHE HA C % giion ()" Quarkloop
CMPYHAMA c8bP38aua KapKa ¢ NPOmoHd.

[T me3ouuTe T+ umar maca 139.6 MeV/c2 u N

BpeMe Ha KHUBOT okoJio 2.6033x10—8 s, kato ce ! :
pasmajar B pe3yirar Ha ci1aboTo +

B3aumojiericTBiue. OCHOBHUST KaHaJ Ha pa3naj - n

99,9877% , e nenToHEeH pa3naja Ha MIOOH U w=

MIOOHHO HEYTPHUHO. . v,

AJIpOHUTE MPEANOYNTAT Ja C€ TPyIUpar 1o
HaIlpaBJICHUE HA UMITYJICA HA BUCOKO
E€HEPTreTUYHUTE KBapKHU — 00pa3yBar ce ,,aJpOHHH
CTPYU'‘ KOUTO CE€ PETUCTPUPAT B IETEKTOPA




3. Excnepumenmanna nposepka na Cmanoapmuusn Mooen u Hosu e1eMeHmMAapHu Yacmuyu 8
excnepumenma CMS na LHC

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 = npecnyaHe Ha cHonoBeTe = 40 MHz

31
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A \ "C 7
ata recorded: ThulApr 473 2

uh/Event: 190401 N254
A, . 4"
i/section: 75
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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



lonemuar

Quarks

Proton

Neutron

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

yactuuun,Actpodusmka n Kocmorsorus 34
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N3yyaBaHe Ha enemMeHTapHUTE YacTuum u

TeXHUTe B3anmMmooencTBus

Quarks

Proton
Neutron

Nucleus &

(=)
Electron

om

O Molecule
Maﬁer%‘

matter particles

guage particles

( 1st gen. 2nd gen. Srd gen. i
Q
U
A
R
K
L // - ST /,,. by
| y | (
E | W WO
T | # {rine | pneutrine ¢ peutrino
0 7 ’—‘\) (/”“\) Py
l {
v @ @@
electron muon ey
L v

~

Strong Force

Weak Force
W (7

A

W bosons 7 bason

Elemants of the Standard Moeal
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Kak ce onpedenam macume na e.u.?
Cvwecmsysa iu Xumc 6030H U36bH
pamxume Ha Cmanoapmuus

2. Omeopenu évnpocu npeo
Cmanoapmnuua Mooen

Cvomnouiernue mamepusi anmumamepusl 6v6

Bcenenama?

400 million years 13.7 billion
FIRST STARS yoars
FORM

0.01 milliseconds 100 seconds

PROTONS AND  NUCLEI
NEUTRONS FORM FORM

@
2
2
~
5
@

=
3
@

o
@

Quarks

o ©O

up down

» 0O

top bottom

& C.

strange charm

Leptons

Anti-quarks

Anti-leptons

mooen?

PARTICLE PHYSICS BASICS

PHOTON
Responsible for
electromagnetic
force and

transmits light

GLUON

How fermions and bosons make up atoms and how they acquire mass

S Proton
m—» Neutron
@—» Electron

W AND Z BOSON
Responsible for

weak force which
causes particles to
change and decay

HIGGS BOSON
: Responsible for
mass in particles
J after they collide
In Higgs field

Responsible for

k . *
e 2 & z strong force = "./é-\"‘ =,
Nt

eclectron electron necutrino

i @ o L.
S e muon muon neutrino
HOT DENSE UNIVERSE i MATTER o @ w v

EQUAL MATTER AND DOMINATED ;
ANTIMATTER ol

which holds

nuclei together Higgs Figld * ‘F»;_,;,

Cvwecmsysam niu Opyeu 8U008e
cumMempus Ha en.y. —
,» Cynepcumempus ““?

SUPERSYMMETRY

tau neutrino

“Tomua mamepus”” u “mvmua

eHepeus’”’ 6v8 Bcenenama?

3awo umame 3
2eHepayuu Ha
e.u.?

HIgasino

Quarks @ Levons @ rorce particies Squarks D stepions @ susy foroe
Standard particles SUSY particles
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J. Hepenexmucu va paseumue na HEPH -LHC

3a 12 C¢ NOBHIIH YYBCTBHTSAHOCTTA HA OUCHEA Ha
POVTHYHHTE XHIOTEIH 33 PAIHPSHHS Ha
CTaHIAPTHHS MOJeN @ HeoGNOIHMO 12
sonepHEsHEpa LHC 3a paloTa NpH BRCOKA
CBRTHMOCT - SX10* e ¢! —HL-LHC

LHC / HL-LHC Plan>

s
—— Ve A S~
VLA e - -

e e R o B e e ‘
D e il ) o
- @ gt = s S
B T S ) I

-——

I PITADITTIME Lty
(Wbt rwwmm o —— p— -
P g N Gy
D i o SR PR
re—— - o

HiL o Y

MLl TR

LHC HL.LKC
14 Tev
e
L A A St
RC":- " L 0:'; \‘.l S wardy
WAL, )
vt hmy FTey E&\ Patsation
ATLAS - Om3 ——/
Wb P ATLAS -Cs
: b —" LR LD e PP
- pp— -

2000 1~ JREE
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ITepcnextuBu Ha pazputre Ha LHC -> HL-LHC ( 10 2037 1)

upgrade of injector chain to

deliver brighter bunches
| L L= - L AN L s

LS EYETS
st IR cveTs)

ton cotmatars
RIE praject

Run 2: Run 3:

Design £ = 10**fcm?/s [ L = 2x10%**/cm?/s HL-LHC: Peak £ = 2 x 10?3 /cm? /s

' for 300/fb level luminosity to

Nominal scenario: £ =5 x 10%*/cm? /s
for 3000/fb; Pile-up <p> = 140

HL_ LHC PLAN Ultimate Scenario: £ = 7.5 x 10** /cm? /s
for 4000/fb; Pile-up <u= = 200

=29% increase in integrated lum.

—
MNF

=

MnameH Angxnes UAMAE BAH Yuutenun
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Back up 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)

‘ T e A A hss

aaa%’a« S /< %)3 [ Z(= vv)+jets 3
; ’ ! Il 10° B W(— /v)+ets ]

o [ Top quark 3

‘ ’ L [ Dibosons 7

10? I QCD multijet =

! Bz 1)+jets 3

----- Vector mediator

10 Myep=1 TeV, mp,=10 GeV =
! E
X ]
10"
X
E15- o+
@ Ll N
:@ v L . * (] \‘ + T \T\ = { \h
Sos- pd
200 300 400 500 600 700 800 900 1000
Leading jet p_[GeV]
. . 2.1 fb" (13 TeV
Production diagrams for . (13 TeV) 1 o
. . > —
the monojet for a spin-0 & 1400~ CMS Preliminary = Median Expected 90% CL g
mediator (scalar or = T g =g =1 ——— Observed 90% CL —09 3
a - DM SM +/- Scale Uncert. 8
pseudoscalar) (a) and a € 1200—  eeese BToV -Median Expected 0%CL | —0.8
: H r Vector = 8TeV - Observed 90% CL —~
spin-1 mediator (vector or C LUX 7
i — [77777] Planck+ WMAP Reli .
aX|a|) (b) 1000_ 7] Plancl /elc
r —{0.6
800— _los
600~ —0.4
- —0.3
400
0.2
200 0.1
L .
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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 =
10.60 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 )g ma
MNnameH Angxmnes NANAE BAH Yuutenu

U}Zﬁdwcueeo E%ﬁ)}ﬁz Y ?AH

after the best-fit circular halos are subtracted

42



Hanford _Livingston

Frequency [Hz]

|
T

o
o
o
gy
g
@
=
n
=
)
£
)
=

S ) | S S S— i { ;
046 048 0.0 52 054 0.56 046 048 050 052 054 056
Time [s]

046 048 0350 052 054 056
Time [s]

Time [s]

Virgo detector (aerial pt 1T Tiiooeucs — USTHSE — BAH



Cobabp:kanue Ha nporpamara 3a yuureau B LIEPH:

Jleknuu:

BbBeneHnne BbB pU3MKaTa Ha €IEMEHTAPHUTE YaCTUIN
JleTekTopu U siIpeHa eIEeKTPOHHKA

BbBenenue B yckopurenure ,

BoBenenune B kommuiekca yckopurenu Ha LIEPH u TaxHOTO ynipaBnenue
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
bbarapckara yuuTesncka nporpama’ vpouny, oCTHKEH A ¥ IePCTICKTUBU
BonpocHuiiu 1 olieHKa Ha mporpamara
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