CERN

The European Organization for Nuclear Research
is a Europearresearch organization whose purpose

is to operate the world's largest particle physics

laboratory. Established in 1954, the organization is
based in the northwest suburbs of Genevaon the
Franco-Swiss border.

The term CERN is also used to refer to the
laboratory, which in 2013 counted 2513 staff
members, and hosted some 12,313 fellows,
associates, apprentices as well as visiting scientists
and engineers representing 608 universities and
research facilities and 113 nationalities.

CERN's main function is to provide the particle
accelerators and other infrastructure needed for
high-energy physics research - as a result,
numerous experiments have been constructed at
CERN following international collaborations. It is
also the birthplace of the World Wide Web. The
main site at Meyrin has a large computer centre
containing powerful data processing facilities,
primarily for experimental-data analysiSbecause
of the need to make these facilities available to
researchers elsewhere, it has historically been a
major Wide area networkingub.

Large Hadron Collider
Most of the activities at CERN are currently

directed towards operating the new Large Hadron

Collider (LHC), and the experiments for it. The
LHC represents a large-scale, worldwide scientific
cooperation project.

The LHC tunnel is located 100 metres underground,

in the region between the Geneva International

Airport and the nearby Jura mountaingt uses the
27 km circumference circular tunnel previously
occupied by LEP which was closed down in
November  2000. CERN's existing PS/SPS
accelerator complexes will be used to pre-
accelerate protons which will then be injected into
the LHC.

Seven experiments (CMS, ATLAS, LHCb,
MoEDAL, TOTEM, LHC-forward and ALICE)
will run on the collider; each of them will study
particle collisions from a different point of view,
and with different technologies. Construction for
these experiments required an extraordinary
engineering effort. Just as an example, a special
cranehad to be rented from Belgium in order to
lower pieces of the CMS detector into its
underground cavern, since each piece weighed
nearly 2,000 tons. The first of the approximately
5,000 magnets necessary for construction was
lowered down a special shaft at 13:00 GMT on 7
March 2005.

This accelerator has begun to generate vast
quantities of data, which CERN streams to
laboratories around the world for distributed
processing (making use of a specialized grid
infrastructure, the LHC Computing Grigl In
April 2005, a trial successfully streamed 600 MB/s
to seven different sites across the world. If all the
data generated by the LHC is to be analysed, then
scientists must achieve 1,800 MB/s before 2008.
The initial particle beams were injected into the
LHC August 2008. The first attempt to circulate a
beam through the entire LHC was at 8:28 GMT on
10 September 2008, but the system failed because
of a faulty magnet connection, and it was stopped
for repairs on 19 September 2008.

The LHC resumed operation on Friday 20 November
2009 by successfully circulating two beams, each
with an energy of 3.5 trillion electron volts. The
challenge that the engineers then faced was to try
to line up the two beams so that they smashed into
each other. This is like "firing two needles across
the Atlantic and getting them to hit each other"
according to the LHC's main engineer Steve Myers,
director for accelerators and technology at the
Swiss laboratory.
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At 1200 BST on Tuesday 30 March 2010 the LHC
successfully smashed two proton particle beams
travelling with 3.5 TeV (trillion electron volts) of
energy, resulting in a 7 TeV event However, this
was just the start of the road toward the expected
discovery of the Higgs boson. When the 7 TeV
experimental period ended, the LHC revved up to 8
TeV (4 TeV acceleration in both directions) in
March 2012, and soon began particle collisions at
that rate. In early 2013 the LHC was shut down for
a two-year maintenance period, to strengthen the
huge magnets inside the accelerator. Eventually it
will attempt to create 14 TeV events. In July 2012,
CERN scientists announced the discovery of a new
sub-atomic particle that could be the much sought
after Higgs boson believed to be essential for
formation of the Universe. In March 2013, CERN
announced that the measurements performed on
the newly found particle allowed to conclude that
this is a Higgs boson.

A ted’ chvili éesky: Vyznam studia astic

Vdechno ve vesmiru je vytvoreno z Cdstic, véetné
nds samotnych. Diky zdejsi prdci i jinych laboratori
ve svété zabyvajicich se ¢asticovou fyzikounyni
vime, Ze k tomu, abychom vysvétlili sloZeni obycejné
hmoty, potfebujeme pouhé &tyri druhy Edstic -
stavebnich kamend. Tyto Edstice se nazyvaji kvark
u, kvark d, elektron a elektronové neutrino.
Zeme a véechno na ni, planety i Sluncea viechny
hvézdy na obloze jsou podle vieho vytvoreny za
stejnych ¢&tyr zdkladnich souldsti. Je to jako
stavebnice. Z kvarkd u a d se sklddaji protony a
neutrony, které spole¢né vytvdreji atomovd jddra.
Jddra spolu s elektrony v obalech tvori atomy, které
se ddle rizné spojuji a vytvdreji sloZitéjsi objekty.
Ctvrtym Elenem rodiny je elektronové neutring
které interaguje s ostatni hmotou tak slabé, Ze je
dokdzeme jen stéZi pozorovat.

Zd4kladni Cdstice hmoty predstavuji jen polovinu
celého pribéhu. Na to, aby drzely pohromadé, je
tfeba néco dalsiho. .Lepidlo® md podobu sil, které
jsou samy tvoreny &dsticemi. Cdstice tvorici silu se
viak velmi ligi od Cdstic hmoty. Jejich hlavnim
Ukolem je prendSet interakce od jedné Edstice
hmoty ke druhé. Gravitace, nejzndméjsi sila, je ze
viech nejslabsi. Céstice, o které se domnivime, %e je
jejim nosi¢em, graviton, nebyla v roce 2009
objevena. Na opaéném konci méritka sily je silna
interakce, jejimZ nositelem jsou gluony, které drzi
pohromadé kvarky a vytvdreji tak protony a
neutrony v atomovém jddre. Silnd interakce mad
kuriézni vlastnost: Cim jsou kvarky ddle od sebe, tim
je plsobeni sily mezi nimi vét$i. To znamend, Ze
kvarky jsou uvéznény uvnitf protond €&i neutrond.
Mezi obéma krajnimi pdly co do intenzity se

nachdzeji dalsi dva typy interakci:
elektromagnetickd s nosi¢i fotony a slabd, jejimiz
nosi¢i jsou Cdstice W a Z. Elektromagneticka
interakce udrzuje elektrony na orbitdch okolo jddra
a drZzi pohromadé atomy v chemickych (i
biochemickych molekuldch. Slaba interakce pomdha
hvézddm svitit a je také pri¢inou jednoho z typl
radioaktivity (radioaktivity beta). Tyto dvé
intferakce jsou nyni vysvétlovdny pomoci jedné
spole&né teorie, nazyvané elektroslaba teorieTo
pFedstavuje dulezity krok na cesté, kterd vede k
jednomu z hlavnich cild soufasné fyziky: Najit
jednotnou teorii popisujici vsechny sily v prirodé.
Jednou z nejprekvapivéjSich véci v moderni
Cdsticové fyzice je existence dalSich dvou rodin
Castic hmoty. Kazdd z nich je podobnd Ctverici
kvark u, kvark d, elektron a elektronové neutrino, az
na to, Ze jsou téZ3i. Prirozenym zplsobem se
vyskytuji jediné na exotickych mistech, jako jsou
horkd centra hvézd, ale jsou
také produkovdny na
urychlovalich v CERN a
podobnych laboratorich.

Sbirku  é&dstic v prirodé
doplfiuje antihmota néco jako
.zrcadlovy obraz" obycejné
hmoty. Antihmotu predpovédél v roce 1928 britsky
fyzik Paul Dirac. Brzo poté Ameri¢an Carl David

Anderson antihmotu
skute¢né  objevil  ve
srdzkdch
vysokoenergetickych
Céstic kosmickeho
z&eni Volnd antihmota
dnes ve vesmiru

neexistuje. Tésné po
velkém tresku, kdy vesmir
vznikl, hmota a antihmota
existovaly v rovnovdze,
tedy Ze bylo stejné
antihmoty, jako hmoty.
Teorie popisu édstic hmoty a Edstic - nosiéa sily se
nazyvd standardni model
Ackoli uz po vice nez 20 let
Uspésné  prochdzi  vsemi
experimentdlnimi testy, neni
standardni model dplnym
popisem prirody. Fyzikové v
CERN prispivaji svou praci k
vytvoreni dokonale jsi
predstavy, jak  vesmir
funguje.




Standardni model

Three generations of matter Bosons
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zanechdvd stdle prili§ mnoho nezodpovézenych
otdzek, aby mohl byt konecnou teorii ¢dstic a sil.
Pro¢ maji &dstice hmotnost? Jsou rlzné sily v
prirodé jenom jinym pohledem na stejnou véc?
Skutecné neni ve vesmiru zddnd antihmota? To
standardni model nerikd. Novy urychlovaé LHC
umozni pustit se do hleddni odpovédi na tyto a
podobné dileZité otdzky. Vystavba LHC byla
zapocata v roce 2005a pripravovany program svdadi
dohromady tisice védcl z celého svéta. Uveden do
provozu byl v roce 2009 Pro udrZeni protonovych
svazkl na drdze v LHC byl vyvinut novy silny
supravodivy magnet. Na vyvoji detektord, které
budou studovat srdzky na LHC a které jsou vétsi a
komplexnéjsi nez kdykoli predtim, se uz pracuje. I
tymy spolupracujicich fyzikd, ktefi tyto detektory
konstruuji, jsou nejvétsi, jaké kdy Cdsticova fyzika
poznala. Na tomto projektu spolupracuje vice nez
4400 védcl z celého svéta. Kdyz v 50. letech CERN
vznikl, vytvoril se tim standard pro evropskou
spoluprdci ve védé. S LHC se CERN stdvd prvni
skuteéné komplexni svétovou laboratori.

srdzka protonovych svazki

JAK VESMIR FUNGUJE?
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INVESTICE DO ROZVOJE VZDELAVANI

EXKURZE FYZIKALNE CHEMICKEHO SEMINARE

do CERNu 5.11.2014

navstivte

Projekt je spolufinancovdn z prostredki ESF a
statniho rozpo¢tu R



