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What is the goal of  my 

project? 

• The goal of  my project is to study the particle 

density of  three particles (i.e. pion, rho meson, and 

A1 particle) and see how their densities change 

when a spectral function is applied to try and model 

density within a medium. 

• We hope to find a more accurate model to have a 

more reliable description for experimental data. 



Temperature 

• I am only working with temperatures from about 0 

to 200 MeV.  

• Once 200 MeV is passed it is no longer considered a 

hadronic gas but more of  a possible quark-gluon 

plasma. 

• To put the temperature I am working with in to 

perspective 1 eV is about 104K which is about 18,000 

degrees Fahrenheit. So 1MeV is 1010K. 



Pi Meson (Pion) 

• Mass of  about 140 MeV 

• Composed of  first generation quarks. 

•  Has a quark- antiquark pair (e.g. up and anti-down 
or up and anti-up). 

• Lightest of  the mesons and is instrumental in 
understanding the effects of  the strong nuclear force 
at low energies. 

• Degeneracy is 3 



Rho Meson 

• Mass of  about 770 MeV 

• Most prominent resonance when two pions interact. 

• Has degeneracy of  9, spin 1. 

 

 

 



A1 Particle (Meson) 

• Mass of  about 1230 MeV 

• Resonance of  a Rho and a Pion. 

• Degeneracy of  9, spin 1. 



Particle Density 



Plotting Particle Density 
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Moving Away From Fixed 

Masses 
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Incorporating Spectral 

Function 



Check Model  
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How to Improve Gamma 
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Conclusion 

• When thinking about measuring particle density having a fixed mass is not enough 
to have an accurate model. 

• When we incorporate our spectral function with the vacuum width, it has no effect 
on the pion density but does change the rho meson and the A1 particle. 

• However when we modify our gamma to change with temperature and include an in 
medium width the pion has a significant change but not so much additional change 
for the other two particles.  

• Some unexpected behavior was found when calculating the new densities with the 
spectral function .It originates from the energy dependence within the spectral 
function for the widths (gamma).  

• Adding this spectral function into my original equation is an important step to a 
more accurate description of  particle density of  hadronic matter within a medium. 

• It will thus contribute to a more reliable interpretation of  experimental data. 
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