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Innehall

VVad ar CERN?
Varfor?
Hur?

Spin-off
Senaste nytt
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Vad betyder « CERN »7

Organisation European

Européenne pour la Organization for

Recherche Nuclear

Nucléaire Research

European Laboratory
for Particle Physics
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Varldens storsta partikelfysik laboratorium

Arlig budget People
c:a 1000 MCHF (2015) - 2300 Staff
. iliard . 900 Fellows och
C:a 9 Miljarder SEK D - : associates
Dessutom: b 350  Studenter
separat financering 1 - 11500 Anvandar.e
for experimenten y 2000 Externa Firmor
\\ ’__,r
- c:a 16 000 personer
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21 Medlemslander 2 Blivande medlems- 4 Observatorer
Austria, Belgium, Bulgaria, Czech Repubilic, lander USA, Russia, India, Japan,
Denmark, Finland, France, Germany, Greece, Romania, Serbia . .
Italy, Israel, Hungary, Netherlands, Norway, 72 Anvandarlander
Poland, Portugal, Slovakia, Spain, Sweden, 2 Associerade
Switzerland, United Kingdom Turkey, Pakistan




MEMBER STATES

Austria 87
Belgium 171
Bulgaria 53
Czech Republic 247
Denmark 62
Finland 93
France 891
Germany 1243
Greece 142
Hungary 61
Israel 64
Italy 1474
Netherlands 172
Norway 97
Poland 229
Portugal 105
Slovakia

gden

OBSERVERS

India 182
Japan 261
Russia 917
USA 1731

3091

United Kingdom 875 s
7005 ASSOCIATE MEMBER
Turkey 127

STATES IN ACCESSION
TO MEMBERSHIP

OTHERS

Argentina 22
Armenia 17
Australia 37
Azerbaijan 3
Belarus 26
Brazil 138
Canada 165
Chile 11

China
Colombia
Costa Rica
Croatia
Cuba
Cyprus
Egypt
Estonia
Georgia
Hong Kong

Iceland
Indonesia
Iran
Ireland
Jordan
Korea
Lithuania

Madagascar

Malaysia
Mexico

Montenegro
Morocco
Nepal

New Zealand
Pakistan
Peru

Saudi Arabia
Singapore
Slovenia
South Africa
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Taiwan
Thailand
TFYROM
Ukraine
Venezuela
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Som en liten stad...







— Grundforskning
— Utbildning

— Teknologiutveckling



http://en.wikipedia.org/wiki/Image:PET-MIPS-anim.gif
http://en.wikipedia.org/wiki/Image:PET-MIPS-anim.gif

Grund-forskning

Svara pa fragor om materias struktur...

Nucleus Neutron

Atom Elektron:1897 Proton: 1919 Kvark: 1960’s

teori: 585 BC Neutron: 1932
upptackt: 1808

Alla dessa upptacter gjordes i Europa!!



« standardmodellen »

dom fundamentala byggstenarna

VANLIG
MATERIA

POSITRON ANTIPROTON ANTINEUTRON ANTIMUON ANTITAU

ANTI-UP ANTI-DOWN ANTI-STRANGE ANTI-CHARM ANTI-BOTTOM ANTI-TOP
QUARK QUARK QUARK




« Standardmodellen »

de 4 grundlaggande krafterna

>0

Beta decay

Starka kraften Elektromagnetism Svaga kraften

ﬁJ - [3: Krafterna ar resultatet av ett utbyteI av partiklar

Utbytes-partiklarna kallas Bosoner

Tyngdkraften

PHOTON ‘WochzBOSON | HIGGS BOSON GRAVITON
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: v 99 Brout-Engiert-Higgs

Starka Kraften Electro-Magnetiska Svaga Kraften falt Tyngdkraften
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: dla de fré
Svara pa grundlagganade fragor...

Varfor hittar vi ingen anti-materia i Universum?
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Svara pa grundlidggande fragor...

Hur forklara att partiklar har massa?

Vi har nu kommit en bit pa végen...'\‘*\ \

Brout-Englert-Higgs
Boson




Svara pa grundlaggande fragor...
Vad ar universum gjord av?

Vi kan bara se 4%
av dess berdknade |
massal! "

Mork materia?

Mork energi?




Hur sag materia ut strax efter

Quark-gluon |
plasma
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Genom att accelerera och kollidera objekt...







Accelerated § ¥ 4
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Detector' |

Particles
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(1) Partiklar accelereras
up nastintill ljushastighet

(2) Bringas till kollision
vid experimenten

(3)Dom resulterande
partiklarna fangas upp av
detektorerna



I Superstrings ?

Unified
Forces

Inflationgry
Expansipn

Forces

I Separate Nucleons

Form

300 000 Years 10’Years  15-10° Years

Energy 10"TeV 10°Tev ' 150 MeV 4meV 0,7 meV
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v \ 27km lang tunnel

Tusentals
supraledande
magneter

Ultra vakum:
10x héogre
dn pd mdnen

Kallaste plats i
Universum:
-271°C

Under sakra
forhallanden!



Storsta och mest soflstlkerade detektorer
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Muon Detectors Electromagnetic Calorimeters
Solenoid .
. Forward Calorimeters
y - N End Cap Toroid
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i Inner Detector V ieldi
Bafral Toroid Hadronic Calorimeters Shisiding
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Key:

Muon

Electron

Charged Hadron (e.g. Pion)
= = = « Neutral Hadron (e.g. Neutron)
= = === Photon

Silicon
Tracker

Electromagnetic
)‘ l' Calorimeter

Hadron Superconducting
Calorimeter Solenoid
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lron return yoke interspersed
Transverse slice with Muon chambers
through CMS !
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Mycket mer an bara LHC...

CMS
e — —
LHC
2008 (27 km)
NI’J’r;thAr‘ea
ALICE LHCb
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storsta vetenskapliga natverk av datorer

15 Petabytes
(15 millioner GB)
data arligen

100’000
processorer

200 data-centers
runt hela jorden



e Varldens storsta internationella
vetenskapliga samarbete

e Mer an 100 lander
Olika prograf
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Bringa nationer tillsammans och

cam for studenter
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Hundratals fysikinstitut

Halften av varldens partikelfysiker




Studenter
Program for elever av alla aldrar
Kort-tids praktik program (vetenskapligt,
tekniskt och administrativt)
Sommar-student program
Doktorander och tekniska studenter

Unga Forskare

CERN School of High Energy Physics
CERN School of Computing

CERN Accelerator School

Vetenskapare vid CERN
Akademiskt Fortbildningsprogram

Skollarare
Internationellt och Nationellt program




Teacher Programme Participants 1998 - 2013

MEMBER STATES

Austria 90
Belgium 110
Bulgaria 279

Greece
Hungary 348
Italy 190
Netherlands 86
Norway 80
Poland 544
Portugal
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OBSERVER OTHERS China 1 Ireland 5 Morocco 2 Swaziland 1
CANDIDATE FOR STATES Angola 4 Croatia 1 Kazakhstan 3 Mozambique 17 Thailand 7
ACCESSION India 2 Australia 5 Cyprus. 8 Kenya 4 Qatar 1 TEYR.OM. 1
Romania 12 8 jaoan 5 Azerbaijan I Dominican Rep. 2 Latvia 1 Rwanda 17 Timor-Leste 4

Rl?ssia 163 Brazil 83 Ecuador 2 Lebanon 1 Sao Tome 3 Uganda 3
ASSOCIATE MEMBER Turke 3 Burundi 1 Estonia 37 Madagascar 2 Saudi Arabia ] Ukraine 57
IN THE PRE-STAGE USA Y 65 Cameroon 3 Georgia 55 Malta 36 Singapore 2 U.AE. 1
TO MEMBERSHIP Canada 3 Ghana 6 Mexico 6 Slovenia 21
Israel 7 W % &; Cape Verde 3 Guinea Bissau 1 Mongolia 1 South Africa 6
Serbia 14 A1) O Chile 3 Iran ] Montenegro 13 South Korea 44
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Praktiska tillampningar: World Wide Web

Utvecklades pa
CERN 1989 i ramen
av LHC |

Gava till varlden!




Praktiska tillampningar : detektorer

Scanna lastbilar utan att lasta av pa mindre én 1 timme




A%, THE PAKISTAN .
Wikowy FLOODS OF 2010 |, ¢
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Praktiska tillampningar :
anvandning av « Grid »

Ultra-snabb behandling av
satelitbilder vid
naturkatastrofer
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Praktlska tillampningar inom Medicin

Kombination av Fysik, Medicinsk Visualisering, Biologi and Kirurgi for att bekampa cancer

&) Hadron-terapl

Tumor = maltavia

Protoner;
Latta joner

>70’000 patienter behandlade i varlden (30 installationer)
>21'000 patienter behandlade i Europa (9 installationer)

“Vlsuallserlng PET Scanner

Ny brdst imaging. l
|

Kliniska forsok i Portugal. /\ (=
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Normal Alzheimer’s
hjarna sjukdom



Och nagra Nobelp ris...

experlments at CERN's Large Hadron
Collider”




. WE HAVE
7 PIScoVeReD WHAT Y

NOTHINGNgSS
IS MADE oF 1

Higgs Boson-kompatibel partikel upptackt 2012
20 manader tekniskt stopp 2013-2014 — uppgradering och underhall
Korning med dubbel energi 2015 — en ny sida 6ppnas...



Sammanfattning

* Grundforskningslaboratorium

e Varldens storsta internationella vetenskapliga samarbete
* Driver teknologin dver dess granser

* Manga praktiska tillampningar

websites:
Information: www.cern.ch
CERN TV: www.youtube.com/cern

Anstallning: www.cern.ch/jobs



Proton

Neutron

Nucleus &

L J
Electron Radius of Galaxies

Universe

Super-Microscope \
\ Molecule
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‘|Matter<a
Studie av fysiska lagar
vid forsta 6gonblicken efter Big Bang
Okande samarbete mellan
Partikelfysik, Astrofysik och Kosmoloqi




