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Our Universe ..... How did it evolve after the BB?
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How can we learn
something about
our Unlverse’?

Big

| 13.7 Billion Years
| 1028 cm = 10°000000'000°‘000‘000°000°‘000‘000°000 cm

> Today

The prevailing model is one of an expanding Universe, evolving from very
small to very big, from very hot to very cold, from simple to complex
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‘Very High-energy. gamma rays from Active Galactic Nuclei (AGNs)
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Experiments iﬂn Q\str&mysics & Cosmology

~380'000 years



1 TeV =10"2 eV (trillion electron-volts) _ .
particle hadronic nuclear atomic

physics physics physics physics
TeV GeV MeV eV

Basic building blocks of matter: Proton
Quarks and Leptons Neutron Nucleus

101 GeV g

LHC LHC

ions Stars
Galaxies

1 today

1012s 106 s 3 min 380000 13.7
Years Billion Years

Time after Big Bang




Dimensions in Physics

‘ MAGIC

Study physics laws of first moments after Big Bang La paima 47
- increasing symbiosis between Particle Physics, i A 2 ,‘
Astrophysics and Cosmology VATt
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ATLAS A Toroidal LHC ApparatuS

CMS  Compact Muon Solenoid

LHCb Large Hadron Collider beauty
TALICE A Large lon Collider Experiment



@\ 4 July 2012: CERN press conference
» “CERN experiments observe particle consistent with long-sought Higgs boson” ‘

CMS Experment o he LHC. CERN
Data recorded. 2012-May-13 2008 14 621490 GMT

RurvEvent 154108 ) S64224000 ’ E — mC2

what dic we lookyfor? 3
what did we obs w P

The challenge was:
find the ~200 Higgs events in 4 Billion
events recorded.

one Higgs > 4e produced in 10" pp
collisions



2013 Nobel Prize in Physics
to Francois Englert & Peter Higgs

“For the theoretical discovery of a mechanism that contributes to our
understanding of the origin of mass of subatomic particles, and which
recently was confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS experiments at CERN's
Large Hadron Collider”

... It can be an advantage,
having groundbreaking
ideas early-on in the

career ...

Francois Eng ar?”_

>

Peter JUSIE

CERN, July 2012



@‘ 4 July 2012: CERN press conference
“CERN experiments observe particle consistent with long-sought Higgs boson”

Why was this discovery important?

Newton: weight proportional to mass )

> No explanation of
origin of mass

Einstein: Energy related to mass y l

Where does mass come from?
Is it related to the Higgs Boson?



The Standard Model of Particle Physics

very successfully describes the interactions between the fundamental building blocks of
matter, built on the powerful principle of gauge theories.

® = % The Brout-Englert-Higgs mechanism

Forces

Leptons
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1984 off|C|aI start of LHC prOJect
experimental programme started in beginning of 1990’s &
many years of R&D &
construction of experlments lasted for ~ 8 years
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Ihnovaﬁve technologies .
developed together with
BT “industry



CMS surface
building at Point
5 of LHC

Nov 2006:
lowering of first heavy
element



Lowering of central and heaviest element (~ 2000 t)
on 28/02/2007




Lowering of the last heavy
element on
22 January 2008
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Ready to take data ......
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CMS Detector
Weight: 12°500 t
Diameter: 15 m
Length: 21.6 m
Magnetic field: 4 T
~ 100M individual
detecting elements



Succéés of the Higgs dlscovery S
the success of a truly global ;
scientific project

Ihnovétive technologies .
developed together with
BT “industry



CMS: a truly global scientific project

~3000 scientists, ~200 institutes, ~40 countries
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Impact of large international collaborations:
O a place where people learn how to work togethe

r

O cooperation and competition are the path to success
O open access and sharing results allows everyone to

participate and contribute to new developments

¥ Male
¥ Female



CMS

.......you learn how to collaborate and to manage .....
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So far, we have successfully
managed our different

challenges ....
LHC timeline Need more data!
% 2015 —-2018: 13 TeV (~150fb")
#2021 —20238:14°TeV (2\ Lnormr.a;)i SO0Ib = So far ~ 1% of data collected
%JLH@ 2026 —2035: eV: 3000fb:! from what we expect by the
33"3?4:1; f 5 (_‘ ’A)s-*sc )Dj "\)jj’? end of HL-LHC operation
% or FCC (100TeV/100km) / ILC (CLIC) by 22 (in 2035)

Very intense R&D and
upgrade programme is
necessary to reach the goals!




The next scientific challenge

LHC@CERN: ~ 10-"2seconds
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What is the reason why antimatter
and matter did not completely
destroy each other during the

evolution of the Universe?

Supersymmetry? - tested at the LHC
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., The “Dark Side” of.our Universe: 293 Of the total fhass-energy content!!
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“The most incomprehensible thing
about the universe is that it is
comprehensible”

“Imagination is more important than
knowledge. For knowledge is limited to all
we now know and understand, while
imagination embraces the entire world.”




Imagination .............

There are more atoms in your fingertip than
stars in the whole Universe

Atoms are almost empty space — without that
empty space you would compress into a tiny
volume (cube with length ~0.02 mm)

The components of our body are truly ancient:

Protons we are made of were formed about 3
minutes after the Big Bang i.e. we all are about
“13.7 billion years old"®
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