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CERN in Numbers
●2256 staff
●~700 other paid personnel
●~9500 users
●Budget (2009) 1100 MCHF

●20 Member States:20 Member States: Austria, Belgium, Bulgaria, the 
Czech Republic, Denmark, Finland, France, 
Germany, Greece, Hungary, Italy, Netherlands, 
Norway, Poland, Portugal, Slovakia, Spain, Sweden, 
Switzerland and the United Kingdom. 
●1 Candidate for Accession to Membership of 1 Candidate for Accession to Membership of 
CERN:CERN: Romania
●8 Observers to Council:8 Observers to Council: India, Israel, Japan, the 
Russian Federation, the United States of America, 
Turkey, the European Commission and Unesco 
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Conseil Européen pour la Recherche Nucléaire

1973: The discovery of neutral currents in the Gargamelle bubble chamber.

1983: The discovery of W and Z bosons in the UA1 and UA2 experiments.

1989: The determination of the number of neutrino families at the 
Large Electron Positron Collider (LEP) operating on the Z boson peak.

1995: The first creation of antihydrogen atoms in the PS210 experiment.

2001: The discovery of direct CP-violation in the NA48 experiments.

+ ISOLDE
+ CNGS
+ nTOF
+ R&D
+ ....

http://en.wikipedia.org/wiki/Neutral_current
http://en.wikipedia.org/wiki/Gargamelle
http://en.wikipedia.org/wiki/W_and_Z_bosons
http://en.wikipedia.org/wiki/UA1
http://en.wikipedia.org/wiki/UA2
http://en.wikipedia.org/wiki/Large_Electron-Positron_Collider
http://en.wikipedia.org/wiki/Antimatter#Artificial_production
http://en.wikipedia.org/wiki/PS210_experiment
http://en.wikipedia.org/wiki/CP-violation
http://en.wikipedia.org/wiki/NA48
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Ženeva - V obřím podzemním 
prstencovém urychlovači u 
švýcarské Ženevy několik dní 
létaly proti sobě svazky 
urychlených protonů. Zatím se o 
dva milimetry míjely, dnes se 
protony s velmi vysokou 
energií měly srazit. Netrpělivě 
očekávaný epochální experiment 
Evropské organizace pro jaderný 
výzkum (CERN) se však poněkud 
zpožďuje. Svazky protonů se 
ztratily,
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Lederman said he gave the Higgs boson the 
nickname "The God Particle" because the 
particle is "so central to the state of physics 
today, so crucial to our final understanding of 
the structure of matter, yet so elusive," but 
jokingly added that a second reason was 
because "the publisher wouldn't let us call 
it the Goddamn Particle, though that might 
be a more appropriate title, given its villainous 
nature and the expense it is causing."

“Higgs boson decayed for our sins”

http://en.wikipedia.org/wiki/Higgs_boson
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Lederman said he gave the Higgs boson the 
nickname "The God Particle" because the 
particle is "so central to the state of physics 
today, so crucial to our final understanding of 
the structure of matter, yet so elusive," but 
jokingly added that a second reason was 
because "the publisher wouldn't let us call 
it the Goddamn Particle, though that might 
be a more appropriate title, given its villainous 
nature and the expense it is causing."

“Higgs boson decayed for our sins”

Chyba aj na našej strane, 
nepodávame informácie dostatočne 
jasne. Tiež novinári sú polovzdelaní 
kokoti.

http://en.wikipedia.org/wiki/Higgs_boson
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Lederman said he gave the Higgs boson the 
nickname "The God Particle" because the 
particle is "so central to the state of physics 
today, so crucial to our final understanding of 
the structure of matter, yet so elusive," but 
jokingly added that a second reason was 
because "the publisher wouldn't let us call 
it the Goddamn Particle, though that might 
be a more appropriate title, given its villainous 
nature and the expense it is causing."

“Higgs boson decayed for our sins”

Chyba aj na našej strane, 
nepodávame informácie dostatočne 
jasne. Tiež novinári sú polovzdelaní 
kokoti.

Obyčejní lidi sú taky kokoti.

http://en.wikipedia.org/wiki/Higgs_boson
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High energy physics today
Large  Hadron Collider
● Length of 27 km.
● Has 4 large detectors.
● Unprecedented energy scales.
● It is most complex human-built machine.

Fundamental questions:
What is the origin of 
mass?

Why there was less antimatter than matter?

Are there extra 
dimensions?

What is dark matter and dark energy?

Also, new technologies emerge:
● The WWW
● The GRID
● Medical applications
● Storage challenge
● Data processing
● Superconductors, electronics, etc.
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LHC layout and parameters

11

● 8 arcs (sectors), ~3 km each
● 8 long straight sections (700 m each)
● beams cross in 4 points 
● 2-in-1 magnet design with separate 
 vacuum chambers → p-p collisions

  - - β* = 0.55 m (beam size =17 m)μ
 - Crossing angle = 285 radμ
 - L = 1034 cm-2 s-1

RF

Nominal LHC parameters

Beam energy (TeV) 7.0

No. of particles per bunch 1.15x1011

No. of bunches per beam 2808

Stored beam energy (MJ) 362

Transverse emittance ( m)μ 3.75

Bunch length (cm) 7.6
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Each meeting of two bunches results
in about 23 proton-proton collisions.
The mean number of particles born 
in all these collisions is about 1500. 
The detector should record as many 
of them as possible.

The collision point is “watched”
by surrounding detector. 

Some particles just escaped
from the collision zone, 
the next collision threatens.
 

The detector should:
●have large coverage (4π ideal)
• be precise
• be fast  (and cheap and ...)

So boring to paint
1011 protons 
in each bunch ... Each proton carries energy 7 TeV. 

So each bunch with 1011 protons carries
energy 1011×7×1012 eV = 7×1023 eV = 44 kJ. 
This is a macroscopic energy!!! 
In order to reach such kinetic energy on a bike, 
you go with a speed of more than 30 km/h!

Zrážky u LHC.

 7+7 TeV  ( p++p+)
 1150+1150 TeV  (Pb207 +Pb207)
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ATLAS beam splash
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Collider



 
LHC-ATLAS @ Astro 2012

 R = σ × L. 
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ATLAS

22 m

44 m

A Toroidal LHC ApparatuS 
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A Typical Detector
Inner detector (Tracker)
Measures charge and momentum of 
charged particles in magnetic field

Electro-magnetic calorimeter
Measures energy of electrons, 
positrons and photons

Hadronic calorimeter
Measures energy of hadrons 
(particles containing quarks), such as 
protons, neutrons, pions, etc.

Muon detector
Measures charge and momentum of 
muons

Neutrinos are only detected 
indirectly via ‘missing energy’ 
not recorded in the calorimeters
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Concorde
(15 Km)

Balloon
(30 Km)

CD stack with
1 year LHC data!
(~ 20 Km)

Mt. Blanc
(4.8 Km)
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ET

total interaction rate

e.g.: Higgs → ZZ → 2e+2µ

23 min. bias events: 
~ 1725 particles/BC

bunch crossing rate: 40 MHz
total interaction rate:~ 1 GHz
event size: ~ 1.5 MB

storage rate

di
sc

ov
er

ie
s

rate

affordable: ~ 300 MB/s
storage rate: ~ 200 Hz
→ online rejection: 99.9995%

powerful trigger needed
• Enormous rate reduction 
• Retaining the rare events in the very tough LHC environment
• Sharing in between physics and technical triggers

Trigger motivation
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2010 was a great year

● Calibrating ATLAS at 7 TeV
● “Rediscovering” the SM.
● The first W, Z, top candidates observed one year ago
● Lots of data in uncharted territory, 35-40 pb-1 for analyses
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Hadrónové vs leptónové collidery

● Precízne energetické scany.
● Při vyšších energiách stráta energie 
  vyžarovaním.

● Distribúcia energie medzi partóny. (PDF)
● S jednou energiou scanovanie širokého 
  spektra energií.
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• In principle want to annihilate particles with antiparticles
• Generation of antiprotons is very expensive and limits luminosity
• At high energy PDFs anyway dominated by gluon and sea-quarks
● (almost) no di erence between pp and pff p cross sections
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∇⋅E=ρ ; ∇⋅B=0

∇×B−∂ E
∂ t

=J ; ∇×E+ ∂B
∂ t

=0

Maxwellove rovnice:

E=−∇ ϕ−∂ A
∂ t

; B=∇×A

F μ ν≡∂μ Aν−∂ν Aμ=[0 −E1 −E 2 −E3

E1 0 −B3 B2

E 2 B3 0 −B1

E3−B2 B1 0 ]

A'μ≡Aμ+∂μΛ
Existuje mnoho potenciálov 
popisujúcich stejnú fyziku.

Aμ≡(ϕ , A) ; J μ≡(ρ , J )

∂μ F
μ ν=∂μ ∂

μ Aν−∂ν(∂μ A
μ)=J ν

∂μ ∂ν F
μ ν=0 → ∂μ J

μ=0
Zachovanie elektromagnetického naboja 
(rovnica kontinuity)

∂μ A
μ=0Lorenzova kalibračná podmienka:

(∂μ ∂μ) A
μ=J μ
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A'μ≡Aμ+∂μΛ

4-vektor má 4 stupne volnosti, ale:

Lorenzova (Ludvik) kalibračná 
podmienka:
a

Reziduálna invariancia
Vyžerú 2 stupne voľnosti. Preto má 
nehmotný fotón 2 tranzverzálne polarizácie.

∂μ A
μ=0

∂μ A
μ=0 J μ=0

Ak prostredie bez zdrojov: 

Potom platí: (∂μ ∂μ) A
μ=0

Čo je Klein-Gordonova rovnica 
pre nehmotnú časticu.
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p=−i∇ ; E=i ∂
∂ t

E= p
2

2m i ∂Ψ
∂ t

=−∇2

2m
Ψ

pμ=−i ∂μ=igμ ν∂
∂ xν

E2= p2+m2 (∂μ ∂μ+m
2)Φ=0

(i γμ∂μ−m)Ψ=0
−(i γ ν∂ν+m)[(i γ μ∂μ−m)Ψ ]=0 ≡ (∂μ∂μ+m

2)Ψ

{γμ , γ ν}=2gμ ν

Nerelativisticky:

Relativisticky:

Spin 1/2
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S=∫ℒ (ϕ ,∂μϕ)d 4 x δS=0
∂ℒ
∂ϕ −∂μ (∂ℒ

∂(∂μϕ)
)=0

Ψ̄=Ψ† γ 0(i γ μ∂μ−m)Ψ=0 ℒ=Ψ̄ (i γμ ∂μ−m)Ψ

Chceme aby bol Lagrangian 
invariantný voči otočeniu fázy o 
Θ(x). (tzv. U(1)LOC symetria)

Ψ→Ψ '=e iQΘ(x)Ψ
Ψ̄→Ψ̄ '=e−iQΘ(x) Ψ̄

ℒ=Ψ̄ (i γμ Dμ−m)Ψ ; Dμ≡(∂μ−ieQ Aμ)
ℒ=Ψ̄(i γμ∂μ−m)Ψ+eQAμ(Ψ̄ γμΨ)

Zavedieme tzv. Kovarianú deriváciu

Z požiadavku na zachovanie lokálnej invariancie 
nám vznikne vektorové pole (spin 1) – fotón.

ℒ '=e−iQΘ(x) Ψ̄(i γμ∂μ)eiQΘ(x )Ψ−me−iQΘ(x )eiQΘ(x )Ψ̄Ψ
∂μΨ→eiQΘ(x)(∂μ+iQ ∂μΘ(x))Ψ

Musíme pridať člen ktorý to kompenzuje.

Aμ
' ≡Aμ+

1
e
∂μΘ(x)
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ℒ=i Ψ̄(γμ ∂μ)Ψ+eQ Aμ Ψ̄ γ μΨ−m Ψ̄Ψ−
1
4
F μ ν F

μ ν

kinetic term for
elmag. field

e- mass term

interaction term

Electron kinetic term

QED

(∂μ ∂μ) A
μ=J μ

Z M.R.
(∂μ ∂μ) A

μ=J μ=e Ψ̄ γ μΨ
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Neabelovská grupa → self interaction.
W – weak isospin, 3 komponenty W1,W2,W3

B  – hypercharge
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χL≡(ν ll )
L
=

1−γ 5

2 (νll )
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Klasické vloženie mass termu do Lagranžiánu 
spôsobí zrušenie kalibračnej symetrie

Ak ale však do SM vložíme komplexný doublet   

So symetriou
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Uvažujme μ2 <0 a λ >0 a vyberme si stav 
vakua Φ1=Φ2=Φ4=0 a Φ3=v , potom 
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J PC=1−−
J /ψ=3 S1

Means:
  Spin=1 (3 = 2 x 1 + 1,  (2S+1))
  Orbital Ang. Mom.  = 0 (S,P,D,F,...)
  Total J/ψ angular momentum = 1 (j=s+l) 

Means:
   Total J/ψ Spin = 1 
   Parity is Odd
   Charge Conjugation is Odd

Charmonium is a bound state of a charmed quark and
antiquark.  It is “almost nonrelativistic”: β ~ 0.4:
Hence the hydrogen atom-like spectrum
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Collisions of heavy ions at ultrarelativistic energies are expected to produce an evanescent hot, 
dense state, with temperatures exceeding 2 ×1012 K, in which the relevant degrees of freedom are not 
hadrons but quarks and gluons. In this medium, high-energy quarks and gluons are expected to 
transfer energy to the medium by multiple interactions with the ambient plasma. There is a rich 
theoretical literature on in-medium QCD energy loss extending back to Bjorken, who proposed to look 
for ‘‘jet quenching’’ in proton-proton collisions. 

The LHC heavy ion program was foreseen to provide an opportunity to study jet quenching at much 
higher jet energies than achieved at the Relativistic Heavy Ion Collider. 
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Author(s) Fang, Y (-) ; Flores Castillo, L R (-) ; Wang, H (-) ; Wu, S L (University of Wisconsin-Madison)

 Gang of four was the name given to a political faction composed of four Chinese Communist Party officials. They came 
to prominence during the Cultural Revolution (1966–76) and were subsequently charged with a series of treasonous 
crimes. The name was given to the group by Mao Zedong in what seemed like a warning to Jiang Qing during which Mao 
stated, "Do not try to begin a gang of four to accumulate power".
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With few inverse pico-barns of integrated luminosity 
ATLAS has already been able to produce high quality 
results, competitive with searches performed at other 
facilities O(1-3) fb-1 are expected in 2011 and more in 
2012 → full access to the multi-TeV scale
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WWjj

Search for 4th quark generation
all leptonic ( e and µ)
opposite sign leptons

Main background after cuts
t t-bar

m
Q4

  >270 GeV@95% C.L
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- striking signatures: multiple high pT objects
- background further reduced searching in like-sign
di-muon decays
Strategy:
- high pT track multiplicity discriminates signal and
background effectively
- counting experiment in a pre-defined signal region
- muon+fake background from data using per-track
fake rate
- other backgrounds (tt, bb) from MC

Graviton excitations expected in the di-photon
spectrum in R-S warped extra dimension models

Black holes

Gravitons
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M
W’

 > 1700 GeV @95% CL
M

Z’
 > 1407 GeV @95% CL
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We have significant hints for SUSY.
We have significant hints against SUSY.
At some point somebody will understand 
what is the logic.
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Magnety

1232 Dipole magnets
Length about 15 m
Magnetic Field 8.3 T
Two beam-tubes with an opening of 56 mm

S

S

J

JF

F
F

F
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