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http://public.web.cern.ch/public/Content/Chapters/Spotlight/SpotlightCool-en.html

@ CERN - A laboratory for the world

“...a laboratory or institution where it would be

possible to do

scientific work, but somehow beyond the framework of

the

different participating states.

CERN was founded in 1954

Torsten
Gustavson

...this body could be endowed with more resources

than national

laboratories and could, consequently, undertake

tasks...beyond their scope...”

Collaboration could be easier due to the “true nature of
science”
This kind of cooperation would serve also other disciplines

o

L e

irrmmm! m u 29 Sume— 1 July 1953, 11 was here thar the €
e, su o)mmmwlmrm By rwelve Seates.

There were 12
member states
in the beginning.
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. The 20 member states

‘UNESCO
‘EV
‘Israel

- Turkey

Member States (Dates of Accession)

ALUSTRLA {1959 I DEMBAARK [1953) s GRLECE (1933) RORWAY (1953} SPAIMN {11980 -0.27T5E8-171983)
- —

. BELGIUM (1953) . FeLAMD (1991 ' .

HUMNGARY {1992) POLAMD (1991 SWEDEM (1953}

BULGARLA [ 1559%) l FRANCE (1953} . ITALY {1953) ] PORTUGAL [ 1586} SWITZERLAMD {1953)

CIECH FR (1993} . CERMANTY (1953) NETHERLAMDS (1953) SLOVAK FR (1993) = UMNITED EINGDOM {1953)
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The Large Hadron Collider (LHC)

d The 27 km long proton-
proton collider was ready to
start in the autumn of 2008.
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The Large Hadron Collider (LHC)

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

It consists of 1232 + 392
superconducting magnets.

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. {360MJ =
eneggg of a train travelling
at 150 km/h or of an
explosion of 77 kg of TNT).
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. The accelerator complex at CERN

The protons are travelling in 2808 bunches with 10! protons each.

10
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The magnets that bend the .
proton beams. |

Heat Exchanger Pipe

Superconducting Coils 1232 dlp0|€
- magnets

£ 4 Helium-l Vessel 15 m long
Spool Piece r/ 35 ton hZGVY

Bus Bars _ Superconducting Bus-Bar

Iron Yoke

Magnetic field:
8.3 Tesla

Mon-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

120 tonnes of
liquid helium

The (1.9 K)
15-m long

-ti Instrumentation LHC C|'y0dip0|e Cur‘r‘en'l':
Pr:nl%igg! Feed Throughs 11800 Amper'e

Thermal Shield

Auxiliary
Bus Bar Tube
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The cavities 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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19 September 2008 - Hangover !

BEE 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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Three years of successful running!

S

=

First collisions in ATLAS on Collision rate
the 23rd of November 2009. Colﬁsion\er\lergy \

(TeV) (1034cm-2s1)
2009 2.4 0.00000003

2010 7 0.02
2011 7 0.37
2012 8 0.7
2013 shutdown

a ) BEENEWS 1203 \NDWALES « MORE THAN 1000 PRoPERTIES IN ¢! JIRAY) B shutdown
2015 14 1
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Experiments

ATLAS:
Proton-proton
collisions

CMS:
Proton-proton
collisions

ALICE:
Atom-atom
collisions

LHCb:
Proton-proton
collisions giving
b quarks




StDCthlmS Oa gy
universitet LUNDS

UNIVERSITET

The ATLAS experiment The ALICE experiment
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The ATLAS experiment

The ATLAS Experiment
= Length: 44m

= Diameter: 22m

=  Weight: 6000 fonnes
= The collaboration

/ 2900 physicists

(173 Univ., 37 Countries)

= Muon detector
= Hadron calorimeter

= Electromagnetic calorimeter
Tracking detector =—
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ATLAS In the movies :




Muon detector

Hadronic calorimeter

Electromagnetic
calorimeter

Tracking detector

Muon
Spectromoler

Hadronle
Calorimeler

Electromagnatic
Colorimeler

Solanoald magnel [
Tranaition '}
Radiation
Trackingd Tracker
Pixal/SCT
dotector

O
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Muon detector

Hadronic calorimeter

Electromagnetic
calorimeter

Tracking detector

Muon
Spectromelar

Hadronle
Calarimeter

Electromagnatic \

Calorimeler

Elpotron
Solenold magnol | Photon

Transitlon '}
Radiation
Tracking Tracker

Pixel/SCT
detector
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are invisible to
thi detoctor




Muon detector

Hadronic calorimeter

Electromagnetic
calorimeter

Tracking detector

Muon
Spectromaolar

Hadranlc
Calarimeter

Proton

\ Neutron
Electromagnetic

Calorimeler Flf‘lﬂlﬂl!

Solenold magnoel i Photon

Transition '}
Radiation
Tracking Tracker

Pinel/SCT
detector
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ATLAS: the muon system

Endcap Detectors Barrel Detectors Barrel Toroid Endcap Toroid
Outer Layer Outer Layer Magnet Magnet
l Middle Layer Middle Layer

Inner Layer Inner Layer

B\ ©
RPC Trigger station | 1 ,_\

| l
o,
5

\
0
|
|
i

Shielding

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

The barrel magnet

Twe Donble Pancakes

ATLAS has the worlds largest superconducting -*/Z==2N G it i /\ ks
toroidal magnet that gives a peak field of e ;
4 Tesla.

Heat shield

Coll Casing f— 2

d - ¥ %
A e 1 o
E T o _ "H-\.__‘ l'l
\t

) —r—
Dﬁ\ll

" 40 strands of
i I NbTi conducior
3
E - Aluminium frame
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ATLAS: the muon detector

Installation of the muon detectors. How do they work ?
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ﬁ ATLAS: Calorimeters

Endca
Barrel

Hadronic Tile Calorimeter

Flat iron absorbers

Hadronic Tile Calorimeter Ahpas :
Scintillator tiles

Flat iron absorbers
Scintillator tiles

EM Liguid Argon calorimeter

Accordion lead absorbers
Liquid Argon

EM Liquid Argon calorimeter

Accordion lead absorbers

Liquid Argon Hadronic Liguid Argon calor.

Flat copper absorbers
Liquid Argon

The Solenoid Forward had. LAr calorimeter

Tungsten absorbers with rods
Liquid Argon

Forward LAr EM calorimeter

Copper absorbers with rods
Ligquid Argon
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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 Tracking 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.

How does it work ? Building the detector
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@) Silicon detectors: How do they work ?
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. One of the first collision in ATLAS '

UATLAS

1 EXPERIMENT
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Physics studies: The Higgs particle

On the 4th of July 2012 the ATLAS and CMS experiments announced
the discovery of a new particle at CERN.

Vincent Hedberg - Lund University 35



Higgs boson production

9 t
WHU LEP limit LHC discovery
g t gg fusion Y

| = T T L] T T T T T
E 88% \s=7TeV -~
=10 =
gg fusion =
. 7% ]
a 1 -
S BIN3% WW, ZZ :
fusion ~
2% i
107 i
B 0.5% W bremsstrahlung 4
5 102 L Z bremsstrahlung
i - | tt fusion
L tt fusion 100 200 300 400 500 ____ 1000
1 M., [Gev?o
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-
Higgs boson decay
H < b = jets 100%
b jcts  100%
b =# jets ) s
H {::W W) A 4%
W o= v 11% 1%
H Z = ce, UL 3%
------ d 0.1% ] 1 j 1 L1 1 1 1
7 = ce., UL 3% 100 =T 200 300 400 500 700 1000

Higgs mass (GeV)

WW

o
=
B

Branching ratio

—
I

y ; H-=bb —> huge background
W

H : H neutrinos
----- ~. - W H=WW-=Ivlv => cnall W BR
Y
L H—=ZZ— 1lll —> small Z BR

H—7yy—> small H BR
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Higgs bosons to WW

Selection: One muon and one electron
H W = cv 11% with large transverse momentum
------ and opposite charge.

Large missing energy.

g ::z: H—->WW-—lvlv "
g 100 Prediction -
U gof T Higgs 125 GeV -

60
40+

20/

100

150 200 250 300
my [GeV]

mr = \/(Fi..{ + Elpmg)z _ ip'r‘]:f 4 EII?IHF
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Higgs boson to ZZ ?
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Higgs bosons to ZZ

Z = e, i 3%

/ = ce, UL 3%

Selection: Two pairs of electrons
and/or muons that each have the
mass of a ZC.

g [ oo ATLAS |
D 25: ; -Bat:kgmund zz\ 77O 1
B | -Elack o Z+i T B

T | ground Z+jets, { |
2 5oL [l Sional (m, =125 GeV) 1
<Y

77 Syst.Unc.
15/ Vs =7 TeV:|Ldt = 4.8 fb”
L1s=8 TeU:dei = 581"

2 | |
+
p:) T 100 150 200 250

m,, [GeV]



@ Higgs boson to ¥y ?
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Higgs bosons to YY

; Y - v Selection: Two isolated photons with
JH t H large transverse momentum.

| Y v Y MH‘ 3’ F’.)

Sig+Bkg Fit (m_=126.5 GeV)
Bkg (4th order polynomial)

Events / 2 GeV

== P2

e Qe

(==
=

Events - Bkg
S o

100 110 120 130 140 150 160
myy [GeV]
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@ Summary of Higgs measurement

ATLAS
My =

126.020.4 GeV

| | | | 4
ATLAS Preliminary
W,Z H — bb

= TTeM: Jla=47 e *

im, = 126 GeV

Ve=oTal: JLat=12"

H—=rtt

Ye=rTev la=aam’

¥s = I!-TUII-J 1'1&-'
H—:-WW ' iy

Ye=oTaw: JLa=1am!

H - vy

Y& = 7 Tev. JL:: =48
fe=2To\: [l =5am"

Ho 229 54
== ?Ta'u'JL.'A ST
Ye=oTew: [La=sae’

Combined
2= 77w JLot= 28 - dn g
et Jln=sa- 13’

n=13+03

No signal

I
-1 0 +1
/Signal strength (u)

CMS

My = 125.8+0.4 GeV

P .
[ m, =125 GeV CMS Preliminary
\s=7TeV,L=5.11b'
\s=8 T'B“'l"l, L=531k"
H-—bb B
H— 1t et
H—yy ——
H— Ww ~ -
H- ZZ

/ Best flt csf:::

Signal in perfect agreement
with standard model
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Physics studies:
Search for black holes
Black Hole

Signature:

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-%6s according to the theory

(if they are produced).
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10° | Energy spectrum
Cosmic radiation
10° | m?s!

F (m®srs GeV)'!
o

There are protons in the 10"
cosmic radiations with a
higher energy than what
can be produced by LHC.  10*

The number of collisions » |k yr
at LHC during one year 10
corresponds to about 107
1000-10000 years of
collisions in the 10° 10" 10% 0 107 10 g0
atmosphere. E (eV)
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A lead-lead collision In ATLAS
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What other problems remain to be
solved ?

¥ En Dark Matter
'DB"_? 3£" gy

d 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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What problems remain to be solved ?

What is dark energy ? //?,;\
: A

What is dark matter? Y% e\

What happened with the \d‘;@ %0\\

anti-matter ? \\% &3\\

How does particles obtain their \‘\%9?,,\/
S -

mass ? (Higgs ?) (Vi

Why is the gravitation so weak ?
(Extra dimensions ? Black holes ?)
Are the different forces the same thing ?
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Spin off technology ....

-,

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
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 Rernerstlee The

inventor of the World
Wide Web.
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Q@\ The new computer project is the grid. 7

The Worldwide LHC
Computing 6rid 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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