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Varldens partikelfysik laboratorium

Arlig budget People
C:a 1000 MCHF (2015) 2300 Staff
900 Fellows och
associates

350 Studenter
11500 Anvandare
2000 Externa Firmor

C:a 9 Miljarder SEK ’
Dessutom:

separat financering
for experimenten

c:a 16 000 personer

l)r

22 Medlemslander 1 Blivande medlems- 4 Observatorer
Austria, Belgium, Bulgaria, Czech land USA, Russia, India, Japan,
Republic, Denmark, Finland, France, Serbia
Germany, Greece, Italy, Israel, Hungary, 72 Anvandarlander
Netherlands, Norway, Poland, Portugal, .
Romania, Slovakia, Spain, Sweden, 2 Associerade
Switzerland, United Kingdom Turkey, Pakistan
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anuary 2015

Distribution of All CERN Users by Location of Institute on 13 J

MEMBER STATES

. 5

Austria 87

Belgium 171 ;
Bulgaria 53
Czech Republic 247 SS>e
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 70

Spain 299

Sweden 98 2
Switzerland 449

United Kingdom 875

7005

OBSERVERS
India

Japan

Russia

USA

3091

ASSOCIATE MEMBER

OTHERS China 150 Iceland 3

Turkey 127 a Colombia 15 Indonesia 8

8 Argentina 22 Costa Rica 1 Iran 29

5 Armenia 17 Croatia 22 Ireland 74

182 STATES IN AC‘(,ESS]ON Australia 37 Cuba 3 Jordan 2,
261 TO MEMBERSHIP Azerbaijan 3 Cyprus 12 Korea 130
917 B Romania 97 Belarus 26 Egypt 22 Lithuania 12
1731 B Serbia 35 Brazil 138 Estonia 17 Madagascar 3
ﬂ-gz Canada 165 Georgia 14 Malaysia 8

Chile 11 Hong Kong 11 Mexico 56

Montenegro 1
Morocco 8
Nepal 1
New Zealand 7
Pakistan 26
Peru 3
Saudi Arabia 1
Singapore 1
Slovenia 1
South Africa 2

A

‘ o

s

Taiwan 77
Thailand 13
TFYROM 2
Ukraine 29
Venezuela |

1177




Som en
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Varfor allt
detta 7




CERN'’s malsattning

» Grundforskning

 Utbildning

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

Grundforskning
Vad ar materia gjort av ?

karnan ar gjord av
protoner och neutroner

materia 10°m
molekyler

1019m ‘
en atom 104 m
ar gjord av elektroner runt en karna

10 m
protoner och neutroner
innehaller kvarkar

<1018 m
kvarkar, elektroner

Elektron, kvark < 10-8 m = 0.000,000,000,000,000,001 m
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Verlhera existerande teorier

Standardmodellen
dom fundamentala byggstenarna

§ KON @)
VANLIG |
MATERIA
POSITRON ANTIPROTON ANTINEUTRON ANTIMUON ANTITAU
Vi L
5 ANTI-UP ANTI-DOWN ANTI-STRANGE ANTI-CHARM ANTI-BOTTOM ANTI-TOP 5
QUARK QUARK QUARK QUARK QUARK QUARK :

......................................................................................................................................
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Standardmodellen

dom 4 fundamentala krafterna

Beta decay
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grundlaggande fragor...

Varfor hittar vi ingen anti-materia | Universum ?
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grundlaggande fragor...

Hur forklara att partiklar har massa?
Vi har nu kommit en bit pa vagen...

Brout-Englert-Higgs
Boson

e e——
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grundlaggande fragor...

Vad ar universum gjord av?

VI kan bara se 4%
av dess beraknade
massa!

MoOrk materia ?

Mork energi ?
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grundlaggande fragor...

Hur sag materia ut strax efter
« Big Bang » ?

Quark-gluon
plasma

Svenska Lararprogrammet 2016 Lennart JIRDEN, CERN



Hur gar man
da tillvaga?



Vi

och

objekt...
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...vid ofantliga
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Dom huvudsakliga verktygen

(1) Partiklar
accelereras up nastintill
jushastighet

(2) Bringas till kollision
vid experimenten

(3) Dom resulterande
partiklarna fangas upp
av detektorerna

Varfor hogre och hogre energier ?
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History of the Universe
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History of the Universe
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Kosmologi Partikelfysik Karnfysik

onsdag tisdag, onsdag
Kosmisk stralning Astrofysik
mandag - lab Quark/gluon plasma

Plus ... fredag — lab

Antimateria onsdag

At~

cil.
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| HC - Varldens accelerator

27km lang tunnel

Tusentals
supraledande
magneter

Ultra vakum:
10x hégre
dn pd mdnen

Kallaste plats i
Universum:
-271°C
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och
detektorer

Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters
End Cap Toroid
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Hadronic Calorimeters
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Partikeldetektorer

Oom

Muon

Electron

Charged Hadron (e.q. Pion
Neutral Hadron (e.g. Neutron)
Photon

LieCTromagnetic
| ‘ ' Calorimeter
"l

ron return yoke interspered

Transverse slice with Muon chambers

through CMS
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Lennart JIRDEN, CERN
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o

e GéNeva La“ke

G

=‘“ /‘Q_% LHC 27km och ~100m under jordytan
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LHC
2008 (27 km) _

SPS ‘.
Ty

ATLAS CNGS ™\
2006

Gran Sasso

East Area
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vetenskapliga datornatverk

15 Petabytes
(15 millioner GB)
data arligen

100’000
processorer

200 data-centers
runt hela jorden

Lennart JIRDEN, CERN



Bringa nationer och

» Varldens stdrsta internationella » Hundratals fysikinstitut
vetenskapliga samarbete

« Mer an 100 lander

« Halften av varldens partikelfysiker
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Utbildningsprogram for olika nivaer
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Lararprogrammet

Teacher Programme Participants 1998 - 2015 (Total: 9509)

>
MEMBER STATES
Austria 177
Belgium 123
Bulgaria 455
Czech Republic 154
Al Finland 4
rar -~
Germany 902
Greece 671
Hungary 446
Israel 47 : R
Italy 551 , .

Netherlands 143
Norway
Poland
Portugal
Slovakia

ASSOCIATE
MEMBERS 16
Pakistan 2

Turkey 161 OTHERS Cape Verde 4 Ghana 6  Malta 36  Sao Tome 6 Uganda 3

ﬁngolfﬂ ? 8}'13 3 Guinea Bissau 1 Mexico 14  Saudi Arabia | Ukraine 117

3= DG rmenia ina 2 TIran 6  Mongolia 1 Singapore 2 U.A.E. 1
OBSERVERS | Australia 6 Costa Rica 4 Ireland 8 Mox](enegro 14 Slose!ﬁa 21
CANDIDATES FOR India 4 N Azerbaijan 1 Croatia 23 Jordan 11 Morocco 2 South Africa 7
ACCESSION Japan 7 B Bahrain 2 Cyprus 10 Kazakhstan 8  Mozambique 21 South Korea 48
Romania 14 Russia 336 Belarus 3 Dominican Rep. 45 Kenya 4 Nepal 2 Swaziland |
Serbia 68 USA 97 Brazil 167  Ecuador 2 Latvia 1 New Zealand 2 Taiwan |
Burundi 2 Egypt 2 Lebanon 1 Palestine (O.T.) 4 Thailand 12

82 Cameroon 4 Estonia 66 Lithuania 32 Qatar 1 TEYR.OM. 12 904

444 Canada 8 Georgia 104 Madagascar 2 Rwanda 20  Timor-Leste 9




Spin-off

Nagra praktiska
tillampningar
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World Wide Web

Utvecklades pa CERN
1989 i ramen av LHC !

Gava till varlden!
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detektorer

Scanna lastbilar utan att lasta av pa mindre an 1 timme

=3
!
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Anvandning av « Grid »

Ultra-snabb behandling av
satelitbilder vid naturkatastrofer

UNOSAT
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Medicinska tillampningar

Cancerbekampning
Kombination av Fysik, Medicinsk Visualisering, Biologi och Kirurgi

&) Hadron-terapi

Tumor = maltavia

Protoner; :
Latta joner s

>
-~

protoner

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

&) Visualisering PET Scanner

Ny brost imaging.
Kliniska forsok i Portugal.
(ClearPEM)

»3
S -

Normal Alzheimer’s
hjarna sjukdom
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Och nagra Nobelpris...

(rlo Rubbia and ampak Francois Englert
Simon van der Meer efer Higgs
y - Q ' ! A S
“for ﬂ( ecisive contributions to ’, . ‘“for his invention and ‘for the theoretical discovery of at" ‘
thefarge project, which led to the ,"} development of particle m’e'c. [sm that contributes to o
disgvery of the field particles W detectors, in particular un ding of the origin of mass of
and Z, communicators of weak the multiwire proportional sub ic particles, and which
interaction” 7 chamber” recently was confirmed through the

discovery of the predicted fundamental
particle, by the ATLAS and CMS
experiments at CERN's Large Hadron
Collider”
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Senaste Nytt fran LHC

e/ WEHAVE ‘
== DISCOVERED WHAT .

NOTHINGNESS

IS MADE oF 1

2012: Higgs Boson upptackt
2013 - 2014: tekniskt stopp 2 ar — uppgradering till 7 ->13 TeV
2015: intensiv sokning av foreteelser bortom standardmodellen

dec 2015: ATLAS + CMS upptacker intressant 750 GeV resonans...

aug 2016: resonansen inte bekraftad av 2016 data — statistisk fluktuation
idag: inga tecken an av supersymetri eller mork materia partiklar...

VVVVYY
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Franvaro av bevis ar inte
nodvandigtvis bevis av
franvaro..

Professor John Ellis, CERN
SUSY - adept
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Sammanfattning

* Grundforskningslaboratorium

* Varldens storsta internationella vetenskapliga samarbete
* Driver teknologin Over dess granser

« Manga praktiska tillampningar

« Manga stora mysterier att I16sa — haftigt !!!

websites:

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

Anstallning: www.cern.ch/jobs
Svenska Lararprogrammet 2016 Lennart JIRDEN, CERN






Quarks
o

) ()

Proton

Neutron

=]
Electron

|

Atom
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Dom fundamentala krafterna

—_#___ —_  Tyngdkraft
ST NEUEIE]

agerar via sina
Elektromagnetisk Kraft associerade

partiklar

Svaga Kraften

<

Starka Kraften

Lennart JIRDEN, CERN
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Ambitionen ar att
beskriva alla dessa
krafter som en
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