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                           “I think I finally understand atoms ” 
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  So far so good, but.... 
 ...it is not time for every  physicist to say 

         “I think I finally understand atoms “ 

  
There are also some Questions that couldn’t be solved!!! 
1. what is dark matter? 
2. what happened to the missing antimatter? 
3. The existence Super symmetric Particles! 
 4.Why are there  three generations of quarks and leptons? 
5. How does gravity fit into all of this?  
and finally  

6. what gives the particles mass? 

 



the unsolved Mysteries of  the standard model  
                                      Mass problem 

               why a particle has a certain mass?  

     why is the photon massless and the W particle massive? 

The standard model couldn’t explained that !! 
Physicists have theorized the existence of a field 
which interacts with other particles to give them mass 
the field  
    called (the Higgs field) 
 
The Higgs field requires a particle  
    called   (Higgs boson)  
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How the Higgs mechanism Works? 
    Suppose                
 (1)A Lot of physicists chat quietly in a fairly crowded room. 



 
 

(2) A famous scientist enters the room causing a disturbance in the field 
. 



 
                    
 (3)Followers cluster and surround Einstein as this group of  people forms a 

“massive object”. 



How the Higgs mechanism Works?(continued) 

                    
 
•The Higgs Mechanism operates in a way 
similar to the case of the famous scientist  
in the crowded room. 
•Particles that normally would have mass 
(e.g. Fermions, weak force carriers) move 
through the Higgs field interacting with 
Higgs particles. 
•Through this interaction or disturbance 
particles may acquire mass. Heavier 
particles interact more with the Higgs field 
taking on more mass. 
•Those particles that normally do not have 
mass, do not interact with the Higgs field, 
and therefore do not acquire mass. 
 





the problem is  
 the Higgs particle has 
no spin 
no electric charge 
no color charge 
    very unstable(1.6×10−22 s) 

so it couldn’t detected directly since  
  (a) there are several different ways it can decay 
  (b) there are other collisions among those trillions    
that produce similar signatures. 

Unfortunately  
 The yield of Higgs particles in Relativistic Heavy Ion 
Collisions is very low (~ 21 events in 109 events)!! 

http://en.wikipedia.org/wiki/Spin_(physics)
http://en.wikipedia.org/wiki/Electric_charge
http://en.wikipedia.org/wiki/Color_charge


 

Discovery of Higgs Bosons  
the observation of the Higgs boson in july 2012 indicates that the mass 
of the Higgs boson is  125.3 ± 0.6 GeV, 



 



HIGGS BOSON RECONSTRUCTION  
 
 1. Using the last published data in Cern about the mass of Higgs boson 

2. Using a MontCarlo technique (i.e. Pythia 8.1) 
3. Making a data analysis using (i.e .Root 5.3) 
 
We can reconstruct the Higgs boson from one of its decay channels. 
 

 
 

THROUGH ALGORITHM DEVELOPMENT AND ANALYSIS 



My algorithm has to  
1. find all the muons ad anti muons first 
2. reconstruct the Z boson masses 91.1876 GEV 
3. Reconstructing the Higgs boson of 125.3 GEV from its 
 Z daughters. 
 
By the help of  
 
 
1.    
2. using the classes that offer the four Lorentz vector 
3. opening the decay channels for Higgs and Z 
4. tabulating the data so that I can link the daughter and parent   
for each decay channel  





After some investigations , I found the problem 
All this time I was constructing all possible muon pairs into Z 

instead of choosing the best possible pairs(with opposite 
charge) 

 

Solution  
I made lots of combinations between muons so that I can find a 

special pairs with 

1. opposite signs  

2. total masses add up to 91.1876 GEV 





What is the next step 
1. I have to repeat the same mechanism in order to  

reconstruct the  Higgs ‘parents of the Z 
candidates then applying any kind of specific 
analysis on it 

 
 



 

2. I have to apply the same Idea with different 
kind of leptons (I.e. 2μ- 2μ+ , 2e- 2e+ and 4e-) 

 

 

3. I have to improve my code by including some 
Geometric cuts so that the data could reflects 
the real experimental one  

 





Conclusion 
on the past two months , I believe that I have learned a 
lot not only as an academic education by attending 
schools , conferences and reading books. 
But also the practical work increases my knowledge on 
C++ programming language and  offers me a great 
learning of Pythia and linux shell 
but I think that I have to read more about the usage of 
root 5.3 and Expand my limited experience in Pythia 
and other Montecarlo techniques  
just to claims that  
 “I finally understand atoms “ 
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