COSMIC RAYS GROUP
GENERAL INFORMATION

EXPERIMENTS

COSMIC RAYS THEACHER SEMINAR

Investigation of Muon – particles in Cosmic Rays
Group: 
Carlos from Chile, Helena and  Ella from Poland, Jef and  Leo from Belgien
[image: image1.png]



The purpose  of this project is to understand Cosmic Rays  (CR) and  to find some experiments where we can measure some parameter related  with CR.  
Introduction to Cosmic Rays:

One can find general information in the following links:

For  Student

http://scienzapertutti.lnf.infn.it/FotoCrescere/relazioni/mihai_viteazul.ppt
http://scienzapertutti.lnf.infn.it/FotoCrescere/relazioni/LNF_mihai_viteazul.ppt
http://imagine.gsfc.nasa.gov/docs/science/know_l1/cosmic_rays.html (++)

For  Teachers:
http://sunshine.chpc.utah.edu/javalabs/java102/hess/index.htm
http://www2.slac.stanford.edu/vvc/cosmic_rays.html
quarkNet.fnal.gov
http://www.ast.leeds.ac.uk/haverahaims.shtml
For general Public:
http://www.srl.caltech.edu/personnel/dick/cos_encyc.html
http://helios.gsfc.nasa.gov/cosmic.html
http://www.ast.leeds.ac.uk/haverah/aims.shtml  (++)

For a theoretical review
see  for example Nagano and Watson    in  Review Modern   Physic 72, 869  (2000)

http://dx.doi.org/10.1103/RevModPhys.71.S165
As a small summarize, we can said that the cosmic Rays  are charged particles which  came to our atmosphere  from the space.   Then we can ask different questions about them:

· Where do they come from?

· What kind of particles can be found  in the cosmic rays?

· What is the energy distribution of   particles from cosmic rays?

· What is the density of the cosmic rays  particles in primary rays  

· What happens to the cosmic rays when they  move through the atmosphere. 

· What is the density of the cosmic rays   at the surface of the earth

· Is there any correlation  between cosmic rays and  Earth’s magnetic field,  time of measuring, position of the detectors,  seasons  and  day or night.

· Etc….

Why is important to study Cosmic rays.
In general low energetic cosmic rays  are very good study. But the High energy  CR above 1020 eV   are in the last time of particular interest, principally  since we can obtain information  of the origin of the CR . Moreover, one can  find now an unanswered question:
· How are they produced?

· Where are they produced?

· What is the highest energy cosmic ray ever detected?

· How can we study the highest energy cosmic rays?

Why are  muons detected most often?

In the shower we have  electrons, positrons, muons, photons and  a slow rate of hadrons.  The electron and positron  can be produced by  electromagnetic interaction of Photon with the atmospheric background and from hadronic decay. But, the muons are  very energetic particles in comparison to electrons and photons. Then, measuring muons distribution we can obtain information about  general properties of the CR with high precision.. One can understand more about the CR  if one  consider the  most relevant  particles reaction  that can be found in the shower:
For the hadrons
p γ→ n π0

p γ→ n π+

p γ→γ  π+ π0


π0 → 2 γ


π+ → μ+ νμ



μ+/-→ e+/- νμ νe

For Photon
γ → e+  e –
e+/-  →  γ e+/-
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The  equipment

In order to answer some of those questions, we  would like to present  three experiments which  could be performed thank to the support of   the FERMILA.-equipment  
The equipment to detect   muons  and   other charged particles are: 

· 2 scintillators with photomultiplier

· Read out-electronics

· GPS:

· computer to analyze

Experiments
We know that a lot of  experiments  can be   found in the web,  See  for examples:

http://scienzapertutti.lnf.infn.it/FotoCrescere/relazioni/LNF_mihai_viteazul.ppt
 

http://scienzapertutti.lnf.infn.it/FotoCrescere/relazioni/mihai_viteazul.ppt
but we have chosen three of them as good exercises to learn  more about CR and to use the equipment:

1. Measuring the background

a. 1 vertical plate

b. 2 horizontal separated plates

c. setup: 15 x 1 min
d. statistical analysis (distribution?)

2. Correlation between  horizontal distance and number of coincidences (NOC)  
a. setup: 

i. d = distance between edges or middle? 

ii. 5  x 2 min for each distance

b. data acquisition in computer 

c. analyzing data   
d. statistical analysis of NOC
e. graph
f. Conclusion
3. Measuring the speed of muons

a. setup: 

i. d = 50 cm, d = 100 cm

ii. 5 min for each distance, measure time between the ascending slopes
b. v = d / Δt

c. data acquisition in computer
· analyzing data 

·  statistical analysis of NOC

· compare statistically v(50 m) and v(100 cm)

d. Conclusion
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