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What is physics ? 

“Physics is considered to be the most basic of the natural sciences. It deals 
with the fundamental constituents of matter and their interactions as well 
as the nature of atoms and the build-up of molecules and condensed matter. 
It tries to give unified descriptions of the behavior of matter as well as of 
radiation, covering as many types of phenomena as possible. In some of its 
applications, it comes close to the classical areas of chemistry, and in others 
there is a clear connection to the phenomena traditionally studied by 
astronomers. Present trends are even pointing toward a close approach of 
some areas of physics and microbiology.” 

By Erik B. Karlsson, “The Nobel Prize: The First 100 Years”, 2001 







Nature : the story from the Big Bang until today 

Astro-physics 
Chemistry 
Biology ... 

symmetry “chaos” 

Different theories describe 
several aspects of Nature 

One single theory 
describing everything 

Elementary particle physics or high energy physics 



General principle of a circular accelerator 

bend particles with a magnet 

accelerate particles with electric fields 



symmetry “chaos” 

today Experimental not 
accessible today : 

other theories aim to  
describe this period 

but today they cannot 
be verified yet !! 

One theory describing 
everything up to ~1000 GeV : 

The Standard Model 

Nature : the story from the Big Bang until today 



What do we know today : the Standard Model 
matter particles → fermions 

small or no mass ?? 
no electric charge 

massive 
electrical charged 
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The Tevatron Collider at Fermilab (Chicago) 

2 TeV collisions 





In the real collisions taken by 
the D0 experiment and aIer 
the event selecJon 21 of these 
events remain to measure the 
electric charge of the top quark. 

simulaJon 

analysis 



Reconstructed top quark charge 

The probability of the observaJon 
assuming that 100% of the 
selected events are exoJc quarks 
with electric charge 4e/3 is 8%. 

First 'me ever this is measured!! 
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The Large Hadron Collider at CERN (Geneva) 

14 TeV collisions 



The Large Hadron Collider at CERN (Geneva) 



~100m 

The ATLAS detector at the LHC (Geneva) 



Tevatron: 
Top quarks are a field for 
exiJng physics 

LHC: 
Top quarks become 
background events for the 
new parJcles we search 

In the search for new 
parJcles we need to 
measure the level/shape 
of the background from 
the data itself. 



If supersymmetry is part of Nature, then new parJcle should exist, and some of 
them escape detecJon resulJng in missing (transverse) energy. 

But, we cannot thrust the calculaJon of the Standard Model processes at 
these high missing transverse energies. 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EsJmated background from data agrees reasonable with predicJon 

Basis which is needed for future searches of supersymmetric parJcles 



Summary 

A clear contribuJon to the research of parJcle physics which is an 
important domain in modern physics 

Tevatron (Fermilab, Chicago) 

 First measurement of the electric charge of the top quark 

 ConfirmaJon of the Standard Model predicJon 

LHC (CERN, Geneva) 

 EsJmate of the background contribuJon in the search for new physics 


