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@) CERN — A laboratory for the world

Torsten e et 1953 C o o ccasion e A LR Coneet e A P du S in e PO
Gustavson ™S oo o . .

- | ; v B
" The first proposal (_De Bloglie, 1949)

Gt b tll
Ot hamn
“...a laboratory or institution where it would be S eyt
possible to do
scientific work, but somehow beyond the framework of T o O 1531 M oo s g s s

the .
different participating states.
...this body could be endowed with more resources

than national Ther'e were 12

laboratories and could, consequently, undertake

tasks...beyond their scope...” mem ber' STGT@S
Cgllaboration could be easier due to the “true nature of |n 'l'he beglnr"ng

science
This kind of cooperation would serve also other disciplines
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SPECTAL
OBSERVER

(for the LHC):
JSA
Japan
‘Russ

‘India

Member States (Dates of Accession)

AUSTRIA (1955 DHEMBAARK (%5 3) GRLCCE (1953} HOAAY (1953)

K

BIPLGARER [ 19530 FRAMCE {1955)

. I
CZECH FR (1993) GEEMANY (1953) NETHERLANDS (1951) SLOVAK FR (1993)

ITALY [ 1953) r PORTUGAL [1788)

SPAIM (1196112719481 71983)

SWEDEN (1953}

SWITZEALAMD {1953)

UMITED KINGDMOM (1953)
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The Large Hadron Collider (LHC)

d  The 27 km long proton-
proton collider was r'eadB o
start in the autumn of 2008

It consists of 1232 + 392
superconducting magnefs.

The maximum collision
energy: 14 TeV

However, the collision
energy is 1150 TeV when Pb-
atoms are used.

d  The proton velocity is

99,999999991% of the
speed of light.

One billion collisions per
second.

The stored energy in one
beam is 360 MJ. 21360MJ ~
ener'bgg of a train travelling

explosion of 77 kg of TNT). = oA X . |

at 150 km/h or of an
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The Large Hadron Collider (LHC)

The protons are
first accelerated
in a linear
accelerator. They
are then
accelerated in the
PS and SPS
synchrotrons and
finally injected
intfo the 27 km

long LHC tunnel.

The protons are
travelling in
2808 bunches that
each contain
10! protons.
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@ The magnets that bend the
_) proton beams.

Heat Exchanger Pipe

Beam Pipe .
Superconducting Coils b e 12 3 2 d | p0|e
) - magnhets
— 5 7/ ~ Helium-I1 Vessel 15 m Iong
éﬁ?%lal:;ece - — ‘“ ' , | 4 - 4 Superconducting Bus-Bar 35 fon heavy

Iron Yoke

Magnetic field:
8.3 Tesla

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

120 tonnes of
liquid helium

The (1.9 K)
15-m long

, Instrumentation LHC cry0dip0Ie CurrenT:
Prot(E)citc;gr; Feed Throughs 11800 Amper'e

Thermal Shield

Auxiliary
Bus Bar Tube
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The cavities that provide the
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 MHz.
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The building of the LHC
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BEAE WORLD NEWS SPORT

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 !

First
collisions in
ATLAS on
the 23rd of
November

20009.

BEIEME NEWS 12:03 \ND WALES « MORE THAN 1000 PROPERTIES IN CI

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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@) Experiments at the LHC

Experiments

ATLAS:
Proton-proton
collisions

CMS:
Proton-proton
collisions

ALICE:
Atom-atom
collisions

LHCb:
Proton-proton
collisions giving
b quarks

13
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Swedish research groups

LUNDS

UNIVERSITET

Uppsala
Universitet

The ATLAS experiment The ALICE experiment
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Detection of particles

Tracking Electromagnetic Hadronic Muon
Detector calorimeter calorimeter Detector

Photons _é%

Electrons 4

Muons

Protons
Pions

Neutrons _Q(

Inner layer > Quter layer
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@ The ATLAS experiment

The ATLAS Experiment
= Length: 44m

=  Diameter: 22m
. Weight: 6000 fonnes

| =  The collaboration

1800 physicists
/ (>160 Univ., 34 Countries)

= Muon detector
= Hadron calorimeter
Electromagnetic calorimeter

Tracking detector =
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A proton-proton collision in ATLAS
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Detection of photons and electrons

Muon detector Muon

Spectromaler

Hadronic calorimeter

Hadronic
Calorimetar

\ The dashed tracks

. are sible to

Electromaghetic — | b esiond
Calor\imeTerl Coalorimeter : Elf"l.T_hﬁl'l

Solenold magnol | Photon

Transition
Radiation
Trackingd Tracker

Plxal/SCT
delector

Tracking detector
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Muon detector Muon

Spectromaler

Hadronic calorimeter

Hadronic
Calorimeter

Proton

Noeutron
Electromagnetic \

Electromagnetic

CG'OF‘imZTCI" Calorimeter ; Elegtiron

Solenold magnet i iPhoton

Transition
Radiation
Trackingd Tracker

Pixel/SCT

doetector f

Tracking detector

The dashed tracks
are invisible to
the detector
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@ Detection of muons and neutrinos

" i

Muon detector Muon

Spoctromolor

Hadronic calorimeter

Hadronle
Lalorimolor

Nuoulrino
L

Prolon

\ H""“mf Thie dashod tracks
. are Invisible lo
EleCTr‘omagneT|C Elpctromnagnotic ey ;| F-J _.-'. |-Ii!l:-' :.Ir:";llﬂif:bl

5 ¥

calorimeter Calorimete i Elngtron’

Solenold magnet | : :r"|1l1l:'.ll1 i
Tranulllon ' A l

Radiation i , i
. Traching Trackar 1 i
Tracking detector ’{ PixolISCT

dolecton
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ATLAS: the muon detector

Endcap Detectors Barrel Detectors Barrel Toroid Endcap Toroid
Outer Layer Magnet Magnet

Middle Layer
Inner Layer  \

Outer Layer
l Middle Layer

Inner Layer

- =

{ ,iﬁl\\rﬂrr

Shielding

TGC Trigger Stations
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@\ ATLAS: The 3 large toroidial magnets

The barrel magnet

Two Dounble Pancakes

Helium Cooling Pipes Vacunm Viessel

toroidal magnet that gives a peak field of
4 Tesla.

Heat shield

TR N

{3 oil Casing

By
7 B
\: ,/’/ \"\‘ §

% ]
w N

N

40 strands of
NbTi conductor

[ I T Aluminium frame
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@‘ ATLAS: The 3 large toroidial magnets

Ay

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

Installation of the two endcap magnets
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ATLAS: the muon detector %

Installation of the muon detectors. How do they work ?
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@M ATLAS: the muon detector

DRIFT TUBES

1170 chambers
354 000 channels

Alumimium
Cathode tube

50 um Anode
W-Re ® wire

GAS

30 mm =
o

GAS (at 3 bar):
93% Ar+ 7% CO,

Max drift: 710 ns

Spatial Resolution:
80 um

RESISTIVE PLATE CHAMBERS
1112 chambers
374 000 channels

Graphite
electrodes

A

Grounded
plane

X readout

strips
Bakelite
Y readout
Bakelite strips
Hv GAS }2mm
X readout
/ strips
Graphite  Grounded
electrodes plane

GAS 947% C2H2F4+5%C4H10+03%SF6
Avalanche mode

Time resolution: 1-2 ns

Spatial resolution: 5-10 mm

MULTI-WIRE CHAMBERS
1578 chambers

320 000 channels
Cu layer
{0 y
& o o NGraphite
GAS A cathodes
G10
Readout
strips

Anode wires

GAS: 55% CO;, + 45% n-Pentane
Saturated mode
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Contributions by Lund:
The muon shielding

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 Large steel plates 10 m high
cast in Armenia. were cast in the Czech were manufactured  tfransport
republic. in Serbia. frames were
made in
Bulgaria.
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@ Contributions by Lund:
The forward muon system

Muon detectors:
Wire chambers Muon detectors:

ﬁ . &/ ‘ Drift tubes

Muon detectors:
Installation in ATLAS

Shielding
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@)l ATLAS: Calorimeters

Barrel

Hadronic Tile Calorimeter

Flat iron absorbers
Scintillator tiles

EM Liquid Argon calorimeter

Accordion lead absorbers
Liquid Argon

The Solenoid

Endcap

Hadronic Tile Calorimeter
Flat iron absorbers
Scintillator tiles

EM Liquid Argon calorimeter

Accordion lead absorbers
Liquid Argon

Hadronic Liquid Argon calor.

Flat copper absorbers
Liquid Argon

Forward had. LAr calorimeter

Tungsten absorbers with rods
Liquid Argon

Forward LAr EM calorimeter

Copper absorbers with rods
Liquid Argon
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@\ ATLAS: 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 ?

The electromagnetic calorimeter ~ The hadronic calorimeter
is used to study photons and is used to study hadrons, i.e.
electrons. particles that contains quarks

such as protons and neutrons.
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ATLAS: The Inner Detector

The Silicon Strip Detector
(The SemiConductor Tracker)

The Silicon Pixel Detector

Transition Radiation Tracker
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The 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 ?

SINVAN 7
IS

il Electron Detection

[ ¥ )
II
! { :
- FATAT A S S P ¥
RIS ) Ly
] 14
f — AL
[ b % .I_
- A = = ¥ 4
Transition Radiation Tracker ol
; s
. -7 5,
- Jd
.‘l LY
| ‘ol /
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Contributions by Lund:
The Transition Radiation Tracker

The TRT detector consists of thousands
of gas-filled straws with a thin wire in
the center. Particles that traverse the
straws, produce signals that can be used
to reconstruct the particles tracks.

Electrons produce a special type
of radiation in the detector that
is called transition radiation and
that can be used to identify the
electrons.

Vincent Hedberg - Lund University
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- Silicon detectors In ATLAS

yeker (8CT)

nicaiiul yar Tri

Sor

v i
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particle track

N type bulk

* electrons

- ———

I.|I.|tll.1l

—_————— —— -

bias lines

=

depletion limit

isolation implants
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One of the first collision In ATLAS

F{T LAS

13 EXPERIMENT
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Physics studies:
Search for the Higgs particle

= Higgs boson production

rrrrfprrrr[rrrr[rrr [ rr T T T T
1 o
g 02} \ § LEP limit S(pp —H+X) o7
gg fusion gg fusion Yo =14Tiev
' 10 *;},'h gg —H mt =175 GeV 106 _
e CTEQ4M o
— .".‘:\‘\ --------- VWV, i 5 O
o 1 el . 10%
2 W fusion ""Tre-eeal o
“6" N qq —-Hqq "t T —
= e~ 4 =
q W.Z wZ 1 U 1y, ek -..‘.qa'—b- HW 10 HQ
"’4".'_-.::‘ “- =0 o w
_ HU SadnEaea N .~ ot
q 2L T i T 3
W.Z bremsstrahlung Ly 0 e, B e 6
............. mel e ~ge, ‘ggqa—r Hit (]>_)
103 F M. Spiraetal. 99,qG—>Hbb e S e 102
4 e qq—> HZ ==~
10- rr g gl a g g sy g a sy g a dagagagls g g s ly s ala gl |.:..|“'I"
; 0 200 400 600 800 1000
VWV ZZ fusion
M, (GeV)
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@‘ Physics studies:
o Search for the Higgs particle

=P Higgs boson decay

® There is 10°-10! inelastic interactions for every Higgs boson
that is produced. At low mass most decay to bb and at high
mass most decay to WW and ZZ.

Ww

® The background is huge and one

has to select decays that are
are visible above the background
(bb are for example hopeless).

Branching ratio

® The cleanest process is if the Higgs
has a large enough mass so that it
can decay to two Z° that then 0.1%| Ll g

100 200 300 400 500 700 1000
decay to leptons. Higgs mass (GeV)
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@‘ Physics studies:
q Search for the Higgs particle

® Computer simulations of collisions in which e+ e-pu+ p-
Higgs bosons are detected by finding four ifetine
leptons show a \|
very clear signal L short ifetime

if the Higgs mass
is 300 GeV.

Short lifetime

P © r

= F

S L EHozzoal ATLAS
w 50 77
il - . J.L=30fb'1
£

[45]

=

Ll

- I zbb
—

Higgs signal

%00 220 240 260 280 300 320 340 360 380 400
Mass of the 4 leptons ™Ma[eV]
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@‘ Physics studies:
o Search for the Higgs particle

..................................................
20E mlv-zzesa)

185 w2z Zmz

16— Il zbb

® It is possible to use the 4-lepton
channel also if m, < 2mz but then s *
the Higgs decays to one real and 10 IHiggs signal

Events/(2.5 GeV)

. if mu=130 GeV .
one virtual Z°. H |

6
4
2 == : =

E } == . 1 ] ] ] 1 =
P(JD 110 120 130 140 150 160 170 180 190 200
m,, [GeV]

® At a Higgs mass close to the LEP limit, the branching ratio for
H° > ZZ — leptons is very small and one is also considering

using H® — 7V but this process also has a minute branching ratio:
Br=1-2 x 1073

® Production diagrams: H’
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Physics studies:
Search for the Higgs particle

® One can estimate the signal significance for different search
channels:

| e H > yy

| ™ ttH(H — bb)

A H - 770 S 41
H - ww® 5 iy

H = ZZ — llvw
e H — WW — Nljj

— Total significance

0%

Signal significance

Discovery

. ._’A/\ Limit
10

: W ATLAS

[Lat=30m"
(no K-factors)

1 L Il | L L L 1 L Il L L
2 . 3
10 Higgs mass - (GlgV)
H
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Physics studies:
Search for black holes

Black Hole

Signhature:

Many particles and particles
with a high energy and with a
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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end of the world ?

1o \ Energy spectrum
Cosmic radiation
10° A |mis]
1o’ \
= 10* E‘\\
& \
Y et N
':E, [
WL I m? Tr"
There are protons in the 10"
cosmic radiations witha
higher energy than what LHC
can be produced by LHC.  10?
The number of collisions N |k yr!
at LHC during one year o
corresponds to about 107
1000-10000 years of
collisions in the O T [ (- L [ L [
atmosphere. E (V)
45
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What other problems remain to be
@ solved ?

" i

Dark Matter

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

O 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
between the galaxies. This force is
thought to be caused by a
mysterious dark energy.
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@ solved ?

What other problems remain to be

Unification of the forces

Motivated by theory: i _SM
0 o — orld Avemge
v The strength of a force depends on the o R
energy in the interaction in which it is . T
being studied. o
. . ' el W p=0, 11 70005
v' If the strength of the different forcesis sin‘®__~02317:0.0004
the same at some very high energy, then o 5 ; )
this could be due to all forces being parts “ o R
of the same unified force. o — MSSM
v A similar phenomena is known from the 50 o Ta—— World Avernge
theory that describes both the weak and o T~
the electromagnetic force. w T
v The known forces looks at the moment to 0
be almost unified at some large energy. o }
v The confirmation could be given by new v o . o

particles discovered in ATLAS. ‘

Vincent Hedberg - Lund University 47



What problems remain to be solved ?

What is dark energy ? Prac <\

What is dark matter? \ip’is C:,\\

What happened with the \\\)}5@ %';\\

anti-matter ? \ %
ow does particles obtain their \\% N

mass ? (Higgs ?) \>7

Why is the gravitation so weak ?
(Extra dimensions ? Black holes ?)
Are the different forces the same thing ?
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Antimatter at CERN

(1928) When Dirac constructed his relativistic
quantum mechanical equation that described spin 3
particles, it had solutions for electrons with both a
positive and negative energy.

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

(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
accelerators at CERN.

(1995) CERN produces anti-

hydrogen i.e. anti-matter. i =5 -

Anti-hydrogen spectroscopy at CERN
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How to use anti-particles

Positron Emission Tomography - PET

A radioactive isotope
is injected.

Coincidence
Processing Unit

The radioisotope
decays to positrons.

Sinogram/
Listmode Data

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

@Sun

e — =
og

7\
B

The photons are =
detected. e ="

Annihilation Image Reconstruction
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BT
b s

Anti-matter for a bomb ?

#1 NEW YORK TIMES BESTSELLING AUTHOR
OF THE DA VINCI CODE

d One gram anti-matter
. contains energy equivalent
THE DA VINCI CODE ' 1-0 a le,oshlma bomb (ZO

was broken,

| kton TNT).

mercy of

O However, it is not possible
to store anti-matter and so
the research will not lead
To new weapons.
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@) Hollywood at CERN

So do not believe everything you see at the movies.........

T R A LEE = [ fpm
— ; 1
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@) No bombs... but one gets ....

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

o Detector technology
o Radiation treatments
o Maedical instrumentation

o Nuclear waste disposal
o Transmutation

o Superconducting magnets
o Electronics
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The 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
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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@ The next large computer project
_) Is the grid.

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

the LHC will produce each year.
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