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CERN CERN –– A laboratory for the worldA laboratory for the world

CERN was founded in 1954
Torsten

Gustavson

There were 12 
member states
in the beginning.
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The 20 member statesThe 20 member states
OBSERVERS:

•UNESCO
•EU
•Israel
•Turkey

PEC L SPECIAL 
OBSERVERS
(for the LHC):

•USA
•Japan
•Russia
•India
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The Large Hadron Collider (LHC)The Large Hadron Collider (LHC)

 The 27 km long proton-
proton collider was ready to 
start in the autumn of 2008start in the autumn of 2008.

 It consists of 1232 + 392 
superconducting magnets.

 The maximum collisionm m m
energy: 14 TeV
However, the collision
energy is 1150 TeV when Pb-
atoms are usedatoms are used.

 The proton velocity is
99,999999991% of the 
speed of lightspeed of light.

 One billion collisions per 
second.

 The stored energy in one The stored energy in one
beam is 360 MJ. ( 360MJ ~ 
energy of a train travelling 
at 150 km/h or of an 
explosion of 77 kg of TNT)
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explosion of 77 kg of TNT).



The Large Hadron Collider (LHC)The Large Hadron Collider (LHC)

The protons are 
first accelerated 

i   li  in a linear 
accelerator. They 

are then 
accelerated in the 

PS and SPS 
synchrotrons and y
finally injected 
into the 27 km 

long LHC tunnellong LHC tunnel.

The protons are 
travelling in travelling in 

2808 bunches that 
each contain
1011 t
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1011 protons.



In the LHC accelerator tunnelIn the LHC accelerator tunnel
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The magnets that bend the The magnets that bend the 
proton beams.proton beams.pp

1232 dipolep
magnets

15 m long

M n ti  fi ld:

15 m long
35 ton heavy

Magnetic field:
8.3 Tesla

1 0  f120 tonnes of
liquid helium

(1.9 K)

Current:
11800 Ampere
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11800 Ampere



The cavities that provide the The cavities that provide the 
energy.energy.energy.energy.

The magnets are used to bend the proton trajectories 
and to focus the beams.

Cavities with strong high-frequency electric fields 
are used to provide the energy to the beams. The LHC 

has 2x8 cavities that give 16 MV at 400 MHzhas 2x8 cavities that give 16 MV at 400 MHz.
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The building of the LHCThe building of the LHC
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10 September 2008 10 September 2008 –– Champagne !Champagne !
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19 September 2008 19 September 2008 –– Hangover !Hangover !

A shortcut burned a hole in the helium enclosure and a pressure wave 
damaged about 50 magnets.  Several tonnes of liquid helium leaked out.
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Same procedure as last year !Same procedure as last year !

First 
collisions in collisions in 
ATLAS on 

the 23rd of f
November 

2009.

S  f   l i  b t lli i  t 450 G V d   ld d i  So far no explosions….. but collisions at 450 GeV and a new world record in 
beam energy (1118 GeV)…..it is looking good.

However  maximum a 7 TeV collision energy in 2010 and at low collision rate  
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However, maximum a 7 TeV collision energy in 2010 and at low collision rate. 



Experiments at the LHCExperiments at the LHC
Experiments

ATLAS: 
Proton-proton 
collisionsCMS collisions

CMS:
Proton-proton

LHCb
collisions

ALICE:
Atom-atom

CERN

ATLAS
ALICE

Atom-atom
collisions

LHCb:

CERN
Proton-proton
collisions giving 
b quarks
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Swedish research groupsSwedish research groups

Uppsalapp
Universitet

The ATLAS experiment The ALICE experiment
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The ATLAS experiment The ALICE experiment



Detection of particlesDetection of particles
Tracking
Detector

Electromagnetic
calorimeter

Hadronic
calorimeter

Muon
Detector

Photons

Electrons

Muons

Protons
Pions

Neutrons
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Inner layer                             Outer layer



The ATLAS experimentThe ATLAS experiment
The ATLAS Experiment
 Length: 44mg
 Diameter: 22m
 Weight: 6000 tonnes
 The collaboration  The collaboration 

1800 physicists
(>160 Univ., 34 Countries) 

 Muon detector 
H d n c l im t Hadron calorimeter
 Electromagnetic calorimeter 

 Tracking detector
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A protonA proton--proton collision in ATLASproton collision in ATLAS
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Detection of photons and electronsDetection of photons and electrons

Muon detector

Hadronic calorimeter

Electromagnetic 
calorimeter

Tracking detector
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Detection of protons and neutronsDetection of protons and neutrons

Muon detector

Hadronic calorimeter

Electromagnetic 
calorimeter

Tracking detector
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Detection of muons and neutrinosDetection of muons and neutrinos

Muon detector

Hadronic calorimeter

Electromagnetic 
calorimeter

Tracking detector
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ATLAS: the muon detectorATLAS: the muon detector
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ATLAS: The 3 large ATLAS: The 3 large toroidialtoroidial magnetsmagnets

The barrel magnetThe barrel magnet
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ATLAS: The 3 large toroidial magnetsATLAS: The 3 large toroidial magnets

Installation of the first central magnet
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ATLAS: The 3 large toroidial magnetsATLAS: The 3 large toroidial magnets

Installation of the two endcap magnets
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Construction of the magnetsConstruction of the magnets
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ATLAS: the muon detectorATLAS: the muon detector

Installation of the muon detectors. How do they work ?
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ATLAS: the muon detectorATLAS: the muon detector
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Contributions by Lund: Contributions by Lund: 
The The muonmuon shieldingshieldingThe The muonmuon shieldingshielding

Muons are particles that can pass through many meters of matter.

There are 2800 tonnes of shielding in ATLAS to stop other types of 
particles so that the muons can be identified.

Copper shielding was 100 tonne heavy iron pieces 
  i  h  C h 

Large steel plates 
 f d 

10 m high 
 cast in Armenia. were cast in the Czech 

republic.
were manufactured 
in Serbia.

transport 
frames were 
made in 
Bulgaria.
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Bulgaria.



Contributions by Lund: Contributions by Lund: 
The forward The forward muonmuon systemsystem

Muon detectors:
Wire chambers Muon detectors:

Drift tubes

yy

Drift tubes

Muon detectors:
Installation in ATLAS

Shielding
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ATLAS: CalorimetersATLAS: Calorimeters
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ATLAS: CalorimetersATLAS: Calorimeters

The calorimeters were installed in three parts.
First the barrel and then the two endcaps.
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How does the calorimeter work ?How does the calorimeter work ?

The electromagnetic calorimeter The hadronic calorimeter
i  d t  t d  h d  iis used to study photons and

electrons.
is used to study hadrons, i.e.

particles that contains quarks
such as protons and neutrons.
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ATLAS:ATLAS: The Inner DetectorThe Inner Detector
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The Transition Radiation TrackerThe Transition Radiation Tracker

The Transition Radiation Tracker (TRT) is used to measure the tracks
of charged particles and to identify electrons

Installation of the detector. How does it work ?

of charged particles and to identify electrons.
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Contributions by Lund: Contributions by Lund: 
The Transition Radiation TrackerThe Transition Radiation Tracker

The TRT detector consists of thousands

Electrons produce a special type
of radiation in the detector that 
is called transition radiation and he R  detector cons sts of thousands

of gas-filled straws with a thin wire in
the center. Particles that traverse the 
straws, produce signals that can be used

is called transition radiation and 
that can be used to identify the
electrons.
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, p g
to reconstruct the particles tracks.



Silicon detectors in ATLASSilicon detectors in ATLAS
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Silicon detectors: How do they work ?Silicon detectors: How do they work ?
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One of the first collision in ATLASOne of the first collision in ATLAS
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Physics studies: Physics studies: 
Search for the Higgs particleSearch for the Higgs particlegg pgg p
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Physics studies: Physics studies: 
Search for the Higgs particleSearch for the Higgs particlegg pgg p
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Physics studies: Physics studies: 
Search for the Higgs particleSearch for the Higgs particlegg pgg p
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Physics studies: Physics studies: 
Search for the Higgs particleSearch for the Higgs particlegg pgg p
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Physics studies: Physics studies: 
Search for the Higgs particleSearch for the Higgs particlegg pgg p
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Physics studies: Physics studies: 
Search for black holesSearch for black holes

Black Hole
Si tSignature:

Many particles and particles 
with a high energy and with a g gy
large angle with respect to 

the proton direction. 

The holes will disappear after
10-26s according to the theory
(if they are produced).
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Black holes = The end of the world ?Black holes = The end of the world ?

Energy spectrum 
Cosmic radiationCosmic radiation

LHC

There are protons in the 
cosmic radiations with a 
higher energy than what LHChigher energy than what 
can be produced by LHC. 
The number of collisions 
at LHC during one year g y
corresponds to about 
1000-10000 years of 

collisions in the 
atmosphere  
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atmosphere. 



What other problems remain to be What other problems remain to be 
solved ?solved ?

 Th  t ti l d f t  i  
Dark Matter

 The rotational speed of stars in 
some galaxies are too high to be 
explained by the known matter. 

 This unknown matter could consist 
of new particles that can be 
discovered in ATLAS. 

Dark Energy
The universe is not expanding with a 
constant speed. It seems that 
there is an unknown repulsive force there is an unknown repulsive force 
between the galaxies. This force is 
thought to be caused by a 
mysterious dark energy  
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mysterious dark energy. 



What other problems remain to be What other problems remain to be 
solvedsolved ??

Unification of the forces

Motivated by theory:
 The strength of a force depends on the 

energy in the interaction in which it isenergy in the interaction in which it is
being studied.

 If the strength of the different forces is 
th   t   hi h  th  the same at some very high energy, then 
this could be due to all forces being parts 
of the same unified force. 

 A i il  h  i  k  f  h   A similar phenomena is known from the 
theory that describes both the weak and 
the electromagnetic force. 

   l       The known forces looks at the moment to 
be almost unified at some large energy. 

 The confirmation could be given by new 
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particles discovered in ATLAS.



What problems remain to be solved ?What problems remain to be solved ?

• What is dark energy ?
• What is dark matter?
• What happened with the What happened with the 

anti-matter ?
• How does particles obtain their

mass ? (Higgs ?) mass ? (Higgs ?) 
• Why is the gravitation so weak ?

(E t  di i  ? Bl k h l ?) (Extra dimensions ? Black holes ?) 
• Are the different forces the same thing ?
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AntimatterAntimatter at CERNat CERN
 (1928) When Dirac constructed his relativistic

quantum mechanical equation that described spin ½ 
ti l  it h d l ti  f  l t ith b th  particles, it had solutions for electrons with both a 

positive and negative energy.

 Conclusion: All particles have an anti-particle with 

Paul Dirac

 Conclusion: All particles have an anti particle with 
opposite charge.

ATHENA (1932) The positron was observed ATHENA (1932) The positron was observed
experimentally in cosmic rays for the 
first time.

 Antiparticles are created routinely in 
high energy physics experiments.  
Beams of antiparticles e.g. positrons 
and antiprotons have been used in p
accelerators at CERN.

 (1995)  CERN produces anti-
h d n i  nti m tt
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Anti-hydrogen spectroscopy at CERNhydrogen i.e. anti-matter.



HowHow to to useuse antianti--particlesparticles

Positron Emission Tomography - PET
A radioactive isotope 

is  injected.

The radioisotope 
decays to positrons.

The positrons 
encounters electrons 
in the body and the in the body and the 
pair then annihilates 
to a pair of photons.

The photons are 
detected.
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AntiAnti--matter for a bomb ?matter for a bomb ?

 O   ti tt   One gram anti-matter 
contains energy equivalent 
t   Hir shim  b mb (20 to a Hiroshima bomb (20 
kton TNT).

 However, it is not possible
t  t  ti tt d  to store anti-matter and so 
the research will not lead
to new weapons

Vincent Hedberg - Lund University 5151

to new weapons.



Hollywood at CERNHollywood at CERN
So do not believe everything you see at the movies………
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No bombs… but one No bombs… but one gets ….gets ….

o Computer technology
o The World Wide Web
o The Computer Grid

o Detector technology
o Radiation treatments
o Medical instrumentation

o Nuclear waste disposal
o Transmutation 

o Superconducting magnets
o Electronics
o ......
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The World Wide WebThe World Wide Web
The most important spin-off from particle physics is the World 
Wide Web  It was invented at CERN as a way for physicists to Wide Web. It was invented at CERN as a way for physicists to 
share information on computers in different countries. 

The worlds first web-server. Tim Berners-Lee, the 
inventor of the World 
Wide Web
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Wide Web.



The next large computer project The next large computer project 
is the grid.is the grid.gg

The Worldwide LHC Computing Grid has been developed in order for 
physicist around the world to have sufficient computer power and in p y p p
order for them to get hold of the 15 million Gigabytes of data that 
the LHC will produce each year. 
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