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OUTLINE 

    The dynamic structure and response function characterize the excitation spectrum  

     of the system and the amount of energy absorbed by the system when perturbed  

     by an external field, for example, x-ray Thomson scattering and others. These  

     functions contain  information about inter-particle  correlations and time evolution. 
 

• Dynamic Structure Factor  and Response Function in Heisenberg representation 

 

• Wigner Representation of the Dynamic Structure Factor and Response Function 

 

• Path integral representation of the time propagator matrix elements 
 

• Path integral representation of the Wigner function 
 

• Wiener–Khinchin theorem applied to the stochastic trajectories in path integrals 
 

• Quantum density of state 
 
• Radial distributions,  dynamic structure factor  and response function for  
    ideal system of scatterers, strongly coupled soft-spheres and plasma media 



      Dynamic Structure Factor  and Response Function 

A a(t) 



                 Dynamic Structure Factor  and Response Function  

The name fluctuation-dissipation theorem arises from the fact that DSF determines the scattering intensity 

of particles by density fluctuations in the system. It determines the amount of energy absorbed by the system 

when perturbed by an external potential and determines also the imaginary part of the inverse dielectric 

function. 



Wigner Representation of the Dynamic Structure Factor and Response Function 



Wigner Representation of the time propagator matrix elements 



Path integral representation of the time propagator matrix elements 



Canonical ensemble 



Path integral representation of the Wigner function 



The symbolic representation of the dynamic structure factor and propagators 



Wiener–Khinchin theorem 



Quantum density of state 



The symbolic representation of the DOS by the path integrals.  
The ``vertical'' and ``horizontal '‘ arrows  are the matrix elements. 



Energy distribution functions and  density of state at rs~2 and T=60 K (2D)  



He-3: radial and energy distribution functions,  density of state (3D)  



Monte Carlo simulation of the two-component plasma media. 
Energy distribution functions and density of state for plasma and  
         non correlated uniformly distributed in space protons (OCP).  



Radial distributions,  dynamic structure factor  and response function for ideal Fermi  Systems. 



Radial distributions and response functions for  strongly coupled soft sphere systems.  



Basic results 

The Wigner formulation of quantum mechanics is used to derive a new 
path integral representation of quantum density of states, dynamic 
structure factor  and response function .  

 

A path integral Monte Carlo approach is developed for the numerical 
investigation of the density of states, internal energy and spin--resolved 
radial distribution functions for a strongly correlated soft--sphere 
fermions.  

 

The peculiarities of the quantum density of states, dynamic structure 
factors  and response functions of the soft—spheres plasma media are 
investigated and explained.  
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