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Vývoj zloženia vesmíru
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Exploring small scales

 The wavelength of visible light is too large to examine atomic structure.
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Collider
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Prvý cyklotrởn.

TeVatron @ Fermilab

Instrument evolution
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Standard model

+ antičastice
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SUSY?

● LSP – nejaké neutralino?
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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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Evolution of accelerators
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Synchrotrons
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TeVatron

s=1.96 TeV



30.5.2009 HEP-APP @ Astrosustredenie

● Cockroft-Walton 750 keV 
● 400 MeV linac
● 8 GeV booster 
● 150 GeV Main Injector
● 0.98 TeV TeVATRON

TeVatron
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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
+ 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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LHC

The Large Hadron Collider (LHC)  is being built in a circular 
tunnel 27 km in circumference. The tunnel is buried around 
50 to 175 m. underground. It straddles the Swiss and 
French borders on the outskirts of Geneva.

It is designed to collide two counter circulating beams of 
bunches of protons or  heavy ions. Proton-proton collisions 
are foreseen at an energy of 7 TeV per beam with a 
planned start-up in middle 2008.

LHC has a total stored beam energy:   
1014 protons of 14 · 1012 eV ~ 108 J
...or, if you like one 100 T truck
 at 100 km/h
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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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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 

(catch most particles)
• 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!
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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
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Detektory
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Skládání vrstev pixelového detektoru @ CERN
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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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Bordel...Bordel...
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The Challenge of Trigger at LHC

 Bunch crossing 40 MHz
 σ total 70 mb
 Event rate ~1 GHz
 Number of event/BC ~25
 Number of part./event ~1500
 Event size ~1.5MB
 Mass storage rate ~200Hz       

Event rate ➨

Level-2 ➨

Level-1 ➨

Offline Analyses  

Mass Storage ➨

 Need to have Trigger of high performance
 ~6 order of rate reduction
 Complex event and 140 M channels
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 The Atlas Trigger

● 40 MHz 
● 1 GHz interaction rate
●  must reduce to 100 Hz

Inputs: CALO + MUONS
 

Hladaju sa high-p
t
 elektrony, fotony, jety 

a tau rozpadajuce sa na hadrony ako aj 
missing E

t 
. (towers, scalar sum)

  - hardware-based (FPGAs and ASICs)
  - coarse granularity 1 from calo / muon
  - 2.5µs max. latency  (pipelines)
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Obavy z LHC
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ATLAS beam splash
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On 19 September 2008, during powering tests of the main dipole circuit in sector 3-4
of the LHC, an electrical fault occurred resulting in mechanical damage and release
of helium from the magnet cold mass. Proper safety procedures were in force, safety
systems performed as expected, and no one was put at risk. An ad hoc task force
was set up on 22 September 2008 to investigate the incident, establish the 
sequence
of events, analyse and explain their development in relation with design assumptions
and manufacturing and test data, and recommend preventive and corrective actions
for further powering of the machine. Today a number of findings have been
established, but inspections are not completed and investigations are continuing.
Consequently this is an interim summary report of this task force as of
15 October 2008.
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The CERN Management today confirmed the restart schedule for the Large Hadron Collider resulting from the 
recommendations from the Chamonix workshop. The new schedule foresees first beams in the LHC at the end of September 
this year, with collisions following in late October. 
 A short technical stop has also been foreseen over the Christmas period. The LHC will then run through to autumn next 
year, ensuring that the experiments have adequate data to carry out their first new physics analyses and have results 
to announce in 2010. The new schedule also permits the possible collisions of lead ions in 2010.
This new schedule represents a delay of 6 weeks with respect to the previous schedule which foresaw LHC "cold at the 
beginning of July". The cause of this delay is due to several factors such as implementation of a new enhanced 
protection system for the busbar and magnet splices, installation of new pressure relief valves to reduce the 
collateral damage in case of a repeat incident, application of more stringent safety constraints, and scheduling 
constraints associated with helium transfer and storage.
In Chamonix there was consensus among all the technical specialists that the new schedule is tight but realistic.
The enhanced protection system measures the electrical resistance in the cable joints (splices) and is much more 
sensitive than the system existing on 19 September.  
The new pressure relief system has been designed in two phases.  The first phase involves installation of relief valves 
on existing vacuum ports in the whole ring. Calculations have shown that in an incident similar to that of 19 
September, the collateral damage (to the interconnects and super-insulation) would be minor with this first phase. 
The second phase involves adding additional relief valves on all the dipole magnets and would guarantee minor 
collateral damage (to the interconnects and super-insulation) in all worst cases over the life of the LHC. One of the 
questions discussed in Chamonix was whether to warm up the whole LHC machine in 2009 so as to complete the installation 
of these new pressure relief valves or to perform these modifications on sectors that were warmed up for other reasons. 
The Management has decided for 2009 to install relief valves on the four sectors that were already foreseen to be 
warmed up. The dipoles in the remaining four sectors will be equipped in 2010.
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Electricity cost constraint



30.5.2009 HEP-APP @ Astrosustredenie

Cosmic Rays

µ

decay electron 
track 

Four events showing the decay of a π +

coming to rest in nuclear emulsion 

C. Anderson H. Yukawa

Cosmic ray showers

V. Hess P. Auger
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Primary CR

Energy spectrum Energy spectrum Composition >2 GeV
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36

Fixed Target Vs Collider  



30.5.2009 HEP-APP @ Astrosustredenie

GZK-Cuto  (Greisen-Zatsepin-Kuzmin, 1966)ff

● E
p
 > 51019eV

● E

 1meV

                         p + π0

p +  → ∆+ →
                         n + π+

Limit asi na 50 MPc.
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Pulsars
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Fermi acceleration
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AGN?

Pierre Auger experiment, 2007
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Secondary CR
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● Background radiation
● Effects on electronics (soft, hard)
● Space travel

 British Airways
Concorde, 12-15 µSv (microsieverts) per hour; 
Long haul aircraft, 5 µSv (microsieverts) per hour; 
Short haul aircraft, 1-3 µSv (microsieverts) per hour dependent on the 
altitude reached. 

volatile int x = 0;
volatile int y = 0;
while (1) if (x != y) {
    printf("Cosmic ray detected\n");
    y = x;
}

CR on the ground
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● Lightning
● Climate change?
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EOF
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