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BEJTUKUN AOPOHHUW
KONAUOEP

Large Hadron Collider
LHC



BEJTUKUI
LARGE







LYsaC L h

D1005,N5

D1005

D984C

|D35A

' 4
N\
S
7] e
/‘?
-
o
Rz

ERN (46°14'3'N 6°3'19"E)

,,-"'f

=/ LY ﬁ? 4 x - )




e i

N

‘l#. L E\f .- "";";

Sﬁamtlgegs Puu:lly 'LET%;* By - Py . - ’ &
oA “ "-E ! A % ? A 3

2K iy b "_,,- B/ f : : o= Jaf

J A ar . - iMategnin

I *_,.{T‘é“ ,ﬁ',..
El:_ - (i r"‘gt
-@Les .‘-.."Erﬂe:":.\

3 #2“\5‘ &

e g - Yy Fa i e p
>, A ] . R e e ‘I 3 s

- Mernm—"
O 3’; N

R o ‘\f
o s ;Meyrllnﬁ ?wtzgrl?‘;dﬁg ,a?

WE
¥

-.;_-(?:Ir(:h:::ul|'3|r y ‘\? s o0 0Bt ,_1 \ """'"'E._,"-';:."“'

N LT R

nery Dates: Mar 5, 2005 - May 7, 2008 ' 14621351 EiS ‘.' 80247725 E° e ley 431 m, * .:,reat dﬁakm







e e S
CERNMN

|

. e o E oo ow



European Organization for Nuclear Research

Organisation Européenne pour la Recherche Nucléaire

Conseil Européen pour la Recherche Nucléaire

3acHoBaHuK y 1954 polli.
C\E RN ) w

1973: BigkpuTtTa “HenTpanbHMUX CTPYMOBUX 30yaKEeHb”

1983: Biakputra W Ta Z 6030HIB — KBaHTiB cnabkoil B3aemoaii
1989: Bn3Ha4eHHSA KinbKoCTi BUAIiB HENTPUHO

1995: YTBOpPEHHA NepLUoro WTY4YHOro atToMmy aHTUTiAPOreHy
1999: BigkpnTTa nopyweHHA KomMmbGiHoBaHoOI CP-cumeTpii



Tim bepHepc-Jli



AOQPOHHWU/
HADRON




Monekyna  ATtom Aapo MpPOTOHM Ta HEUTPOHM KBapk

KBapkoBa CcTpyKTypa npoToHa

/@) € - neutrino e electron

*f.) strange Ll - neutrino | ﬂ_ muon

:@ bottom T - neutrino




CtaHpapTHa mopernb

EnemeHTapHI YaCTUHKMK dyHaameHTanbHI B3aemogail
KBaHTU
S EeJIeKTPOHHe MIKOOHHe Tay .
T o < < erfleKTpoMarHiTHa c¢oToH
cl__) HeNnTpuHo HEeNnTpPpUHO HEeNTpPUHO
C
g €JIeKTPOH MKOOH Tay-Me30H

Xirrc? cnabka W, Z -6030HM

BEpPXHin YyapiBHUU ICTUHHUI

KBapku

HWXHIN AUBHUN KpacuBuun CUNBbHA FIOOHU

Anti-kaon Kaon
down Strange







KONAWUOEP
COLLIDER



collide [ka'la1d]

- CTUKaTuUCA, 3ITKHYTUCA
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eNeKTPOHBOMbT A = Q'A(P
-19 -19
1eB=1,6-10 Kn-1B=1,6:10 Ox

KINOENeKTPOHBOMbT
3 -16
1keB=10 eB=1,6-10 IOx 1 Volt

MEIraeJiIEKTPOHBOJIbT

6 -13
1MeB =10 eB=1,6-10 [Ix

riraenekTpoHBOMNbT
1TeB=10eB=1,610 Ox
TepaeJiIEKTPOHBOJIbT

1 TeB =10 "eB =1,610 [k



EpHecT JloypeHc (Ernest Lawrence)
LMKIOTPOH, 1929

2 civHa 1931p. ocarHys eHepril 80 000 eneKTpoOHBOSbT

e Zses
of Foree




B cBiTi HanivyeTbca 26,000 aitoynx npmckoproBayiB

~ 1% pocnigHuubKi ycTaHoBKM ans eHepriv > 1 ['eB,
~ 44% BMKOPMCTOBYIOTbLCA B pagioTepanil,

~ 41% anga IoHHOI IMNnaHTaull,

~ 9% B NPOMWNCNOBOCTI,

~ 4% ana 6iomeandyHmnx oocniaxeHsb.

Tevatron Fermilab, 1987-present
Relativistic Heavy lon Collider |BNL, 2000—present
Large Hadron Collider CERN, 2009—present

Super Large Hadron Collider Proposed, CERN, 2019—

Very Large Hadron Collider Theoretical




CUHXPOda30oTpPOoH




Bonoaumup Mocunosuy Bekcnep, 1944p.

20 MaB

O6’egHaHUM IHCTUTYT SAEPHUX OOCHIOXKEHD,
M. [lybHa, Pocia




Large Hadron Collider (LHC)

3iTKHEeHHS 3yCTPIYHUX NYYKiB
NMPOTOHIB 3i LUBUAKOCTAMM
99.999999% wB. cBiTNa




adl

Region

1 excluded by

direct searches

"""""

+++ All data

20

100

Higgs boson mass (GeV/c?)

Oiarpama ®enHmMaHa, 9Ka 300paxye MOXIMBUN Mpouec
yTBOPEHHA 0030Ha Xirrca. KoxeH 3 OBOX KBapKiB BMNPOMIHIOE
W- abo Z-6030H, nig 4ac peakuil SKUX MOXEe BUHUKHYTU

HenTpanbHUn 6030H Xirrca.

400



Yn icHye 6030H Xirrca?

Un, KpiMm aHTUYACTUHOK, ICHYKOTb YaCTUHKMU-CynepnapTHepu?
fka gincHa BUMIpHICTb NnpocTopy?

flka npupoaa TeMHol maTtepii?

Un € enekTtpomarHeTusm, crabka ta cunbHa B3aemogail
NposiBOM €AUHOI 00’eaHaHOI B3aemoaii?

YoMy rpasiTtaudifa HacTinbKu cnabwa Bia iHWKUX B3aemogin?
Uum 3ymMoBrieHa HecUMeTpis MbK MaTepielo Ta aHTUmMaTepicro?
fkoro byna KBapK-rnooOHHa nria3ma Bigpa3sy nicna Benukoro
Buoyxy?

flke noxoaXeHHA MakTb KOCMIYHI NPOMEHI?



Large Hadron Collider (LHC)

3iTKHEeHHS 3yCTPIYHUX NYYKiB
NMPOTOHIB 3i LUBUAKOCTAMM
99.999999% wB. cBiTNa
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" LHC

-~

CMS
Noir"!:h Area

ALICE LHCb
neutrinos
e Ui I\, ATLAS S PS CNGS
| T80 Gran Sasso
M2 AD
o 7 O BOOSTER ISOLDE
e & caaE e
- =
:1/2/\4/ LINAC 2 ‘ S ( ]O P CTF3
neutrons e”
LINAC 3 LEIR
KiHeTyHa eHepria npoTtoHa LWUBuakictb (% wB. cBiTNA) lNMpuckoproBay
50 MeV 31.4 Linac 2
1.4 GeV 91.6 PS Booster
25 GeV 09.93 PS
450 GeV 00,0908 SPS
7 TeV 99.99990901 LHC
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LLnpuHa TyHena — 3,8 m



Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

Protection
Diode

Beam Pipe

Auxiliary
Bus Bar Tube

Instrumentation
Feed Throughs

Heat Exchanger Pipe

Helium-Il Vessel

.-"- 2
bar - r .-'. J
- j- .‘I..r

Superconducting Bus-Bar
Iron Yoke

Non-Magnetic Collars

Vacuum Vessel

Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole













[NloBHa BapTiCTb NPOEKTY -- noHap 6.4 minbapAaiB €BpoO

13 Big 3agymy go peanisauii - 20 pokis
e Tuck 10 atm

» 1296 HagnpoBigHUX MarHiTiB Ta 6inbwe 2500 iHWKX MarHITIB

 MakcumanbHe marHiTHe none 8,36 Tecna

* 96 TOH pigKoro renito HeobxigHoO, WO6 NiIATPUMYBATU MarHiTU
npu Tempnepatypi 1.9 K (-271.25 °C)

- Cnoxmneae 6nnspko 700 N'BT-rog enekTpoeHeprii Ha pik
- [loBHa eHepria NPOTOHHUX MyJKiB carae 724 MIx
- 2808 rpyn NpPOTOHIB Yy NY4KY; 1,15-10" NPOTOHIB Yy rpyni
. 27 -2 -1
- MAKCUMarsibHa CBITHICTb (r'ycTuHa notoky) =12 -10 cm s

e wocekyHan 600 MIfIbUOHIB 3iTKHEHb MiXK NPOTOHaAMM

- 500 Mb/s iHdbopmauii, 15 neTtabanTt Ha piK



7 0epe3ns 2005 p. B I1aXTH ONMYCTHJIM MEPIIi MATHITH

* 10 Bepecus: 2008 p. B KoJaiaepi MOYAJIHU HUPKYJIHOBATH
nepiuii My4YKyu NPOTOHIB

* 19 Bepecust 2008 p. y 100 marnitax Tpanujiocs KOpoTke
3aMHMKaHHS, BHACJIIA0K IILOI0 BUTEKJIO 6 TOH PIAKOro
rejir,remmneparypa nigasiacsa Ha 100 K

* 21 xxkoBTHs 2008 p. LHC 0yJ10 YPOUHCTO BiAKPUTO

* 30 0epe3ns 2010 p. OyB BCTaHOBJIEHHI peKoOpa —
3ITKHYJUCH ABAa IYYKHU NPOTOHIB Ha eHeprii 7 TeB



CERN Control Centre

LHC First Physics

CERN Control Centre | www.cern.ch







[MoHeninok, 3 TpasHa 2010 p.

http://op-webtools.web.cern.ch
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Screen capture done in the CCC during the attempt of 7 TeV collisions.
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neutrinos

Gran Sasso

East Area

K LINAC 2 ___”<__‘___;__
neutrons e
N LINAC 3‘ LEIR
Ions

ATLAS A Toroidal LHC Apparatus

CMS Compact Muon Solenoid

LHCDb LHC-beauty

ALICE A Large lon Collider Experiment

TOTEM Total Cross Section, Elastic Scattering and Diffraction Dissociation

LHCf LHC-forward



ATLAS( A Toroidal LHC Apparatu$S)

46 M OOBXUHN, 25 M BUCOTU, 25 M LUNPUHW.
Maca 7000 ToH, ctpym 10000 Amnep

ATLAS € HanbinblLunm OETEKTOPOM, CTBOPEHMUM NOACTBOM.



LA Control room

EHepris 3iTkHeHb 7 TeV (3.5 + 3.5)
Bcboro 3iTkHeHb (Ha 7 TeV) 66 minbnoHiB

binbwe 2900 HaykoBUIB i3 172 yHIBEPCUTETIB
3 37 KpalH




Collision Event at

WATLAS
LA EXPERIMENT

2010-03-30, 12:58 CEST
Run 152166, Event 316199

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




XPERIMENT

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

P (ut) = 29 GeV
n(p+)=  0.66
E ™ =24 GeV
M_=53 GeV

W-uv candidate in
7 TeV collisions




Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST
B} | | ) | m

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV

nie+)= -042

E,miss = 26 GeV

M, =57 GeV




CMS -compact muon solenoid

binbwe 2000 HaykoBLiB cniBnpautotoTb B nNpoekti CMS (155 yctaHoB 3 37 kpaiH)



TRIGGER, DATA ACQUISITION Tiﬁlizlﬂlgﬁu o, CERML Finland, France, Germany

HASATE, Bl s ERls, TITHANIC, Franiie, aerrmidiy,
flgll:ll:lﬁ”:LE EQTEHIF‘{E[ e e taly, Japan®, Mexico, New Zealand, Switzerland, UK, USA
| o, By ;A ERY, cIlB, France, 2Rl
Hungary, Ireland, Italy, Korea, Poland,
Partugal, Switzeriand, UK, LSA ; g =By CRYSTAL ECAL

y ./ . e Belarus, CERM, China, Croatia, Cyprus, France, [taly,
fapan®, Portugal, Russia, Serbia, Switzerland, UK, US4

PRESHOWER
Armenia, CERN, Greece
Imdia, Russia, Tabwan

RETURN YOKE

Barrel: Czech Rep.. tstonia, hermany, Greece, Russia
Erdcap: lapan®, US4

SUPERCONDUCTING
MAGNET

Al countries in CM5 contribute
to Magnet financing in particular
Finland, France, Italy, Japan®,
Kores, Switzerdand, USA

FORWARD
CALORIMETER
Hurgary, Iran, Russia, Turkey, USA
HCAL

. Barrel: Bulgaria, Inclia, Spain®, LSA MUON CHAMBERS

Total weight 1125007 Endrcap: Belzrus, Bulgaria, Georgia, Aussia, Barrel: Austria, Bulgaria, CERN, China,
Overall diameter 150 m Ukraine, Lzhekistan Germany, Hungary, ltaly, Spain
Overall length 1215 m HO: India Endeap: Belarus, Bulgaria, China, Colombiz,
Magnetic field : 4 Tesla Koreq, Pakistan, Russia, USA




Silicon Tracker

Finely segmented silicon
® sensors (strips and pixels)
¢ '= enable charged particles

' to be tracked and their
momenta to be measured

| Similar to a 70 Megapixel
digital camera taking 40
million pictures per second!

Purpose: measure trajectories & momenta of charged particles




Electromagnetic Calorimeter (ECAL)

gl 80000 crystals of PbWO,
» 0 (lead tungstate) produce
= =8 |ight from incident particles.
w The amount of light
== depends on the energy of
. the incoming particle

y ~80% metal — transparent!

Purpose: measure energy of electrons, positrons and photons




4 Layers of dense material

B (brass or steel) interleaved
¥ with plastic scintillators or
quartz fibres.

Weapons to ploughshares:

Brass for endcap HCAL

recuperated from Russian
warships!

Purpose: measure energy of hadrons (e.g. protons, neutrons..)




Ss#n | CMS uses three types of

& ME muon detector: drift tubes,

W ese cathode strip chambers and
BL resistive plate chambers.

Total area of detectors is
=y about the same as a football
~ pitch — 6000m?

Purpose: identify muons and measure their momenta




§ Wl | & SN 13m long, 6m inner diameter

L ) l h'| o TR X _
: |||. _ ;- = b | TR AN e largest superconducting

S | solenoid ever made.

" Niobium-Titanium wires
il cooled to -271°C carry 20000
Amps to provide a 4 teslas
magnetic field — about
100000 times stronger than
that of the earth

Purpose: Provide a magnetic field for bending charged particles




CMS event




A “Higgs” event in CMS

2

2 electrons \ gt |




CMS Events 14 rpygHa 2009p. 3iTkHEHHS Ha 2.36 TeB.

CMS Experiment at the LHC, CERN
Date Recorded: 2009-12-14

Run/Event: 124120/6613074

Candidate Multijet Event at 2.36 TeV

9463533

=31
Orbit? 31924351
t.c[sssm?ji\‘\. 51

CMS Experiment at the LHC, CERN

Datn reconded 20L0-887-30 11-04:33 551111 GMT{LE04:33 CEST)
Rur 132440

Event

L sCrne

Crosaing

High - Energy Collisions at 7 Tel
LHC @ CERN

[xepeno: cms.web.cern.ch/cms/Media/ 30.03.2010




ALICE — A Large lon Collider Experiment
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1000 HaykosLUiB, 94 ycTaHOB, 28 KpaiH



eriment

ALICE - A Large lon Collider Exp




ALICE - A Large lon Collider Experiment




ALICE - A Large lon Collider Experiment




LHCb

gcal HCAL
SPD/PS

Magnet RICH2
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650 HaykoBLiB, 48 yHiBepcuTeTiB, 13 KpalH



Event Display

LHCb
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21 April 2010: First reconstructed Beauty Particle
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7 May 2010: Strange Beauty and Charm
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LHCb Preliminary

EVT: 49700980
RUN: 70684
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'|12_Deteu:mr5et(1}::ﬂumher of detector ON sq‘ip Entries 100 | T2_DetectorSet(1)::Number of detector qJN Pa(Entries 100

TOTEM Mean 8.3 Mean 9.23

n RMS 1776 W o RMS 1509
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18—24 micsauiB HeoOXiaHO, o6 3ibpaTu
Ta onpaLuBaTy AaHl EKCMEPUMEHTIB

CTBOpPEHO HaMDINbLLINK HAYKOBUU MPOEKT B iCTOPII

PO3BMHYTO TEXHONOTrII, AKI BXX€ CbOroHi
3aCTOCOBYHTbLCA B MPOMWUCIIOBOCTI

CBiTOBE CMniBTOBApPMCTBO OTpUMaro
NOLUTOBX OO Hayku Ta IHHOBaLIW.



BukopucmaHi Oxxeperna

lhc.web.cern.ch
WWW.europhysicsnews.org

en.wikipedia.org

www.symmetrymagazine.org
exploratorium.edu

physicsworld.com

MATURE|VOL433| 20 JANUARY 2005 | www.nature.com/nature




