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MEMBER STATES

Austria 128
Belgium 152
Bulgaria 52
Czech Republic 197
Denmark 7
Finland 103
France 918

Germany 1316
Greece 111
Hungary 62
Italy 1422
Netherlands 177
Norway 88
Poland 220
Portugal 125
Slovakia 60
Spain 354
Sweden 93
Switzerland 379

United Kingdom

OBSERVERS
India 146
Japan 238
Russia 883

CANDIDATE FOR
ACCESSION

Romania 88

ASSOCIATE MEMBER
IN THE PRE-STAGE
TO MEMBERSHIP
Israel 63
Serbia 31

OTHERS

Argentina 19
Armenia 15
Australia 32
Azerbaijan 2
Belarus 22
Brazil 107
Canada 168

Chile 7
China 114
China (Taipei) 69
Colombia 10
Croatia 24
Cuba 3
Cyprus 7
Egypt 11
Estonia 17

Georgia 10
Iceland 4
Iran 23
Ireland 8
Korea 96
Lithuania 13
Malta 1
Mexico 41
Montenegro 1

Morocco
New Zealand
Pakistan
Peru

Saudi Arabia
Slovenia
South Africa
Thailand

TEYR.OM.

Tunisia

9 Ukraine 25
22 Venezuela 1
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Scientists at CERN
Academic Training Programme

2013
Young Researchers ;‘f.‘.““u“n?{‘n?"g‘v“'
CERN School of High Energy Physics vﬁ-‘cs b
CERN School of Computing
CERN Accelerator School

Physics Students

CERN Teacher Schools
International and National
Programmes
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It does not necesserily go much faster

Its mass increases Mass is a form
of energy!

E=mc?

In an interaction, it can transform its
energy into massive particles

...one transforms energy
into mass
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The Standardivodel!

Three Generations
of Matter (Fermions)
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http://upload.wikimedia.org/wikipedia/commons/0/00/Standard_Model_of_Elementary_Particles.svg
http://en.wikipedia.org/wiki/File:Quark_structure_proton.svg
http://en.wikipedia.org/wiki/File:Quark_structure_neutron.svg
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http://www.delftoutlook.tudelft.nl/info/fullimage9fb3.html?ImageID=720
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observed ) +’___}
¥ T
*____.L =7

expected
from
— _ _ luminous disk

10 R (kpc

M33 rotation curve

Dark (invisible) matter!
Interacts gravitationally but
does not shine

A new class of particles?
“Superparticles”
Doubling of known particles!

R~ -

8 Dark Matter

Dark Matter appears to be made of weakly
Interacting massive particles.
Lightest super-particle has these properties !
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DarkMatierniie

74 % DARK ENERGY

\22% DARK MATTER

-

3.6% INTERGALACTIC GAS
4% STARS, ETC.
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The first circular ¢
Lawrence and Livingston’s 8(

Ernest O. Lawrence
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Accelerationprneip)
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Different approaches: fixe«

collider

Fixed target Storage
ring/collider
’-—-\ Proton-Proton (2835 x 2835 bunches
’ ® Protons/bunch 10"
pccunul ATOR d.; Beamenergy 7 TeV (7x10%eV
- Luminosity 10¥ cm? s
Bunch L.
ﬂl“ G _ & "2 : “?3, Crossingrate 40 MHz
Proton
- Collisions = 10" - 109Hz
Parton
(quark. gluon)

Higgs

Particle

jot ! SuUsY.....

Ecv = \/2 (Eveamme? + m?c?) << EC’M = 2 (Ebeam 55 mc2)
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Leptons

Electron
Muon

Tau

Mass (MeV)

LE-01 LE+00 1.E+01 1.E+02 1.E+03 1.E+04 L.E+05 LE+0&

Quarks

up
Down
Strange
Charm
Bottom

Top

173

BO0

Hadrons

Pion{charged)
Pion(neutral)
Proton

Neutron

57

97

938.

939,

Bosons

photon
gluon
w

z

8041

9118
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Higgs and supersymmetry ?
Or something else maybe

THE ENERGY FRONTIER
{Discoveries)

(GeV)

Hadron Colliders

(top quark)  Tewatron ’

. LFLEF1I
(W~ ,Z besons)  SppS ”

: '," BLC,LEP  (Ny=3)-

ASTRISTAN

-;6’ FETRA, PEF  {gluan)

-
- CESR
-
SASPEAR 11
f,"‘S’EF'.Fi (charm quark, T leplon)
,SADDNE

onstituent Center-of-Mass Energy

ete~ Colliders

~
wt

1970 19680 1880 2000
Yoar of First Physics

Behind the history plot is hidden the technological
development required for each step

Obs: you can notice different particle species used in the different colliders
electron-positrons and hadron colliders (either p-p as Tevratron, p-p as LHC)
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DELPHI @
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Synchrotren

e (Charged particle beams bent in a
magnetic field undergo centripetal
acceleration and emit e-m radiation

e When beams are relativistic, radiation is
emitted in a narrow cone Bec 1

Z,e’cy’
PSyn N T 4 @ ~ beam current

e Critical photon energy

e Radiated power

intensity

3
uc=ghc7/E /\

Lyn Evans
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0 oS Experlm\entthe LHC, CERN

3 ) '.‘\\‘-‘_\
AREeorded: 2010-Jul-09 02125:58.8 911 GMT(04:25(b8 CEST

| 1

(c) CERN 2009, Allrig



- % yonel CMS Preliminary, \s = 7 TeV

) 10000 R
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LHC roadmap to the Higgs
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Interaction point
with crossing angle

odbeton
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http://cds.cern.ch/record/615825
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] L, - FINAL NOTE

This work was done in 1968. The idea seemed too far-fetched
| at the time to justify publication. However, the fluctuations upon which
the system is based were experimentally observed recently. Although it

may still be unlikely that useful damping could be achieved in practice,

it seems useful now to present at least some quantitative estimation of
the effect. —_—
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@ Momentum Cooling in ICE  [E]

7\

Schottky scan after 1, 2 and 4 min.

Signal height proportional to the square root of density and
width proportional to A p/p.
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| room of the AA in 1981 @
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http://cds.cern.ch/record/615824
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POINT 4.

POINT 3
Momentum -
Cleaning

POINT 2

Alice

POINT 8
LHCb

POINT 1
Atlas

TI2 TI8

POINT 6

POINT 7
Betatron
Cleaning
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ALIGNMENT TARCET
MAIN QUADRUPOLE BUS-BARS

HEAT EXCHANGER PIFE

SUPERINSILATION

BUPERCONDUCTING COIS

BEAN FIFE

SHRNEING CYLINDER / HE [-VESSEL
[EON YOEHR

TACTIUN VESSHRL.

THERMAL SHIELD

AUXILIARY BUS—BARS

AUSTENITIC STEEL COLLARS

AEAM SCREEN

[RON INSERT = e
INSTRUMENTATION WIRER

FILLER PIECE

DIFOLE BUE-B4RS

SUFPORT POET
LHC DIPDLE

CROBE EECTION X-X ON TWIN SUPFORT BIDE

Lyn Evans - EDMS 1057805
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Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

Protection
Diode

Beam Pipe

Auxiliary
Bus Bar Tube

Instrumentation
Feed Throughs

Heat Exchanger Pipe

Helium-II Vessel
Superconducting Bus-Bar
Iron Yoke
Non-Magnetic Collars
Vacuum Vessel

Radiation Screen

- Thermal Shield

The
15-m long
LHC cryodipole




..at the physics Iz

Heike Kamerlingh Onnes

“Door meten tot weten”
To knowledge through measurement

Lyn Evans - EDMS 1057805
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Thus the mercury at 4 2°K has enfered a new state, which, owing to its
particular electrical properties, can be called the state of superconductivity.
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) First idea of superconductingNneERELS @
LK. _Oppnes 1915)

dendum 2.) There is also the question as to whether the absence of Joule
heat makes teasible the production of strong magnetic fields using coils with-

out iron,for a current of very great density can be sent through very tine,

closely avound wi irals. Thus we were successtul in sending a current ot
0.8 anfperes, i.e. of 56 ampe er square millimetre, through a coil, which
contgined 1,000 turns of a diameter o square miumn per square centimetre

at yight angles to the turns.

critical field of superconductors!

after this lecture was given and produced surprising results. In fields below a threshold
value (for lead at the boiling point of helium 600 Gauss), which was not reached during
the experiment with the small coil mentioned in the text, there is no magnetic resistance
at all. In fields above this threshold value a relatively large resistance arises at once, and
erows considerably with the field. Thus in an unexpected-wa},r a ditticulty in the produc-
tion of intensive magnetic fields with coils without iron faced us. The discovery of the

Lyn Evans
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Phase diagram of hel
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It is very noticeable that the experiments indicate that the density ot the
helium, which at first quickly drops with the temperature, reaches a maxi-
mum at 2.2°K approximately, and if one goes down further even drops

again. Such an extreme could possibly be connected with the quantum the-
Ory.

Lyn Evans - EDMS 1057805 50
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2.3K

2.17K
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J. F. Allen

« In my PhD work in Toronto on superconductivity, | had
often seen the sudden cessation of boiling at the lambda
temperature T, but had paid it no particular attention. It
never occured to me that it was of fundamental
significance. »

J. Allen, Physics World, November 1988, p 29.
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Magnet des CENUINLONIE
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Transport
in the
tunnel with
an optical
guided
vehicle
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J &

HTS IN THE LHC MACHINE

Powering of the LHC magnets
About 3 MA of rated current through 1800 circuits
3286 current leads

Current rating (A)

e 13000
J:=12500 A/cm?* @77 Kself field | 5gg 6000

Courtesy of A. Ballarino

64 LUCIO ROSSI-MT20
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http://fr.wikipedia.org/wiki/Image:Flag_of_Canada.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_India.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Russia.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Japan.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_the_United_States.svg
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Cavern - Concrete walls 6th lift - 20-02-2003 - CERN ST-CE

int1-UX15
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CMS
A Compact Solenoidal Detector for LHC

[cestareea]  [mea]
CALORIMETER /‘\

— ]
‘KD
‘ l
)
I
J n-’h‘

)

Total weight 1 12,500t.

Overall d?ameter: 15.00m A

Overall length  : 21.60m

Magnetic field : 4 Tesla CMS-PARA-001-11/07/97 JLe.pp
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Muon
Electron
Hadron (e.g. Pion)
""" Photon

through CMS

.....

Virdee SUSSP_Aug03
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The highlight of a remarkable year 2012 @:\I
7\

In praise of charter schools

Volume 712, Issue 3, 6 June 2012 ISSN 0370-2693
" The Britain's banking scandal spreads

E C O no mi S t Volkswagen overtakes the rest

A power struggle at the Vatican

LY TIN-133% 20142 Eccoserhi com When Lonesome George met Nora

B=7ToV, Lab A’

1500?"5- 8ToV, L-53M'

Ne

A4

Events/ 1.5 GeV

g

a2\
— S:BF1
B1g Fit Gompanent

500

. 20

5/(S+B) Weighted

9 110 120

ATLAS 2011-12 {s=7-8 laV

Fiﬁding the
Higgs boson
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i CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

Event recorded with the CMS detector in 2012 at a proton-proton centre-of-mass energy of 8 TeV. The event
shows characteristics expected from the decay of the SM Higgs boson to a pair of photons (dashed yellow
lines and green towers). Full yellow lines represent the reconstructed trajectories of the charged particles
produced in addition to the two photons in the same collision. The event could also be due to known standard
model background processes.




i CMS Experiment at the LHC, CERN
|l Data recorded: 2012-May-27 23:35:47.2 ;"Q__ GMT
Run/Event: 195099 / 137440354

%
R,
0

Event recorded with the CMS detector in 2012 at a proton-proton centre-of-mass energy of 8 TeV. The event
shows characteristics expected from the decay of the SM Higgs boson to a pair of Z bosons, one of which
subsequently decays to a pair of electrons (green lines and green towers) and the other Z decays to a pair of

muons




%ATLAS

EXPERIMENT
http://atlas.ch

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST
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