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Try to understand the very first moments of our Universe
after the Big Bang

Complementary
approach: ‘looking

Use particle accelerators to
back’

re-create the conditions
shortly after the big bang



the nucleus is made from
protons and neutrons

-9
~meters 0 M L0400
molecules

matter one atom
IS made from electrons around a nucleus

o

protons and neutrons <10-8 m

contain quarks quarks, electrons
o (= fermions)

O

electron, quark < 10 m = 0.000,000,000,000,000,001 m
- fundamental constituents



The Standard Model
of Particle Physics




Fundamental forces

Gravity

the forces act
through their
associated particles




[LHC - basic facts

4 experiments

26.7 km in circumference

50-175 m underground
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Operating temperature 1.9 K
o Energy 14 TeV

~ 9600 magnets

LHC.  27%nt

7600 km of cables
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LHC proton beam

2 Each proton beam consist of 2808 bunches
2 Each bunch contains 101 protons

2 Total beam energy is 360 MJ -> energy of moving TGV!
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Cross section

Luminosity

2 measures how many particles pass

2 Describe the probability that two particles ‘
through a square centimetre per second

will collide and interact in a certain way
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), LARGE HADRON COLLIDER

) LHC/HL-LHC Plan

&)

LHC HL-LHC
Run 1 ‘ ‘ Run 2 ‘ ‘ Run 3 l Run 4 -5...
EYETS 13.6 Tev  IRUAL 13.6 - 14 TeV
13 TeV —_— energy
Diodes Consolidation
splice consolidation limit LIU Installati -
7 TeV 8 TeV button collimators ic;nr%,eorggtlion e . inngar ;riplc—;ﬂt . : i LH(-:
£ regions Civil Eng. P1-P5 pilot beam radiation limit installation

R2E project

2011 2012 A K 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 2026 2027 2028 2029 IIIIIII
5 to 7.5 x nominal Lumi

ATLAS - CMS -
experiment upgrade phase 1 ATLAS - CMS |/
D= Al pipes e 2 x nominal Lumi ALICE - LHCD : 2 X hominal Lumi HEMpgrade

75% nominal Lumi I |/_' upgrade

m integrated LMY AL
luminosity EVVVR{VRE

LLISION PAPERS




2 The detector have four major systems:

Inner Detector
Calorimeters

Muon Spectrometer

Magnet system

2 Weight ~ 100 B747 Jumbo-jet (empty)

2 Size of 1/2 Notre Dame de Paris

2 Precision: 1 micrometer
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Top quark - introduction

Standard Model of Elementary Particles

three generations of matter

(fermions)
| | Il
mass [ ~2.2 MeV/C.2/: =]1.,28 GeV/CNz;; =]73.1 GeV/(:lE. 0 =125.09 GeV/c’
charge §2/3 <4 2/3 2/3 . 0 0
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up charm top gluon Higgs |
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- down strange bottom o
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-1 - 1 4N 1 g 0 Y, o
L@ e[ ® 2 3
electron muon tau Z boson 8 - .
- o What makes top quark special:
‘£ <2.2 eV/c? <1.7 MeV/c? <15.5 MeVjc? =~80.39 GeV/c’ 0
ol “ 0 “ k “ t] . Led a large mass, which is equivalent to
il BV 172 172 1 O
0. | o = th f a gold at
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Top quark - introduction

2 Objeven v roce 1995 ve Fermilabu
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2 Unikatni castice t 9
> Nejtezsi elementarni castice b

» Unikdatni vlastnosti z hlediska teorie i experimentu

“alljets™ 46%

2 Velmi kratka doba Zivota

» Jediny kvark , ktery nehadronizuje cHiets 15%

» Vlastnosti jsou studovany skrze rozpadova produkty

2 Vlastnosti

» Hmotnost: 172.76 £ 0.3 GeV/c2 W 1y
» Doba zivota: 5x10-25s "dileptons” “lepton+tjets”

» Elekticky naboj: +2/3 e

u+jets 15%
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Analyza dat ~ hledani jehly v kupce sena

» Zkoumana data obsahuji hledany signal (nekdy) a pozadi (vzdycky) o ,
> Signal = to, co nas zajima Klicova je redukce pozadi!

» Pozadi = vse krome toho, co nas zajima
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Méteni hmoty top kvarku

Z
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2 Merime "hrb" ~ vazime hmotnost top kvarku
» Pozie "hrbu" ~ hmotnost top kvarku

> Sitka “hrbu” ~ pfesnost méreni

Casticova Praha 2024 "~ top-quarkphysicsatATLAS  13/14



Méteni hmoty top kvarku

@ Jednotky : e=h=c=1

OZZE:E:E1+E2—|—E3

© ZZH:P = P, + P, + P;
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