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We investigate the effect of an external magnetic field on the cage correlation functions of the 

particles in a three-dimensional strongly coupled Yukawa system, via numerical simulat ions. The 

results show that with increasing strength of the magnetic field the caging time increases, i.e. the 

particles remain caged for a  longer time. The investigation of the cage correlation functions is 

carried out in a wide range of the system parameters (coupling strength , screening parameter , 

and reduced magnetic field strength  ).  

 
1. Introduction 

The interest in the physics of complex plasmas 
has been continuously increasing during last few 
years. Motivated by their applications and by the 
need of understanding their fundamental physical 
effects, the properties of dusty plasmas are actively 
investigated on the basis of theoretical and 
experimental methods.  

In many settings complex plasmas are affected by 
external electric and magnetic fields. The influence 
of magnetic fields on strongly coupled dusty 
plasmas became an important topic in the last few 
years [1,2].  The results of theoretical and simulation 
studies have shown the formation of 
magnetoplasmons and their higher harmonics in 
strongly coupled Coulomb and Yukawa systems [1]. 
The effect of magnetic field on the velocity 
autocorrelation and the caging of particles in two 
dimensional Yukawa liquids have been studied in 
Ref. [3]. 

 

2. Simulation method 
We investigate the cage correlation functions of 

three–dimensional Yukawa systems in external 
magnetic fields by the molecular dynamic 
simulation method. The particles in such systems 
interact via screened Coulomb (Debye-Hückel, or 
Yukawa) potential: 
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where Q  is the charge of the particles and 
D is the 

screening (Debye) length. The ratio of the nearest - 
neighbour potential energy to the thermal energy is 
expressed by the coupling parameter 
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where T is the temperature, / Da   is the 

screening parameter, 1/3(3/ 4 )a n  is the Wigner-

Seitz radius, and n is the number density of the 
particles. 

The strength of the magnetic field is expressed in 
terms of 
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where /c QB m   is the cyclotron frequency and 

2 /p nQ m   is the plasma frequency.  

The changes of the surroundings of the particles at 

0t   and 0t   are measured by the list correlation 
function: 
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where li is the "neighbor list" of particle i, which 
consists of 0-s and 1-s, the latter represent the 
particles situated within the first correlation shell 

around particle i.  denotes averaging over particles 

and initial times. The number of particles that have 
left the original cage of particle i at time t can be 
determined as  

2( ) (0) (0) ( ),out

i i i in t l l l t                  (5) 

where the first term gives the number of particles 

around particle i at 0,t  while the second term gives 
the number of “original” particles that remained in 

the surrounding after time t elapsed. The cage 

correlation function ( )c

cageC t  can be calculated by 
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Collisional characteristics of the electron-atom scattering in the dense semiclassical plasma were 
calculated within the dynamic model of interaction. This model takes into account the quantum 
mechanical diffraction effect and dynamic screening which depends on the velocity of the colliding 
particles. On the basis of the Calogero equation the phase functions and the phase shifts were 
calculated. Phase shifts and cross sections obtained on the basis of the dynamic potential are larger 
than those obtained on the basis of the static model and converge with them at small values of the 
kinetic energy of colliding particles.  

 
1. Dynamic interaction potential of  

electron and atom in the dense semiclassical 
plasma 

Development of the interaction models of the 
semiclassical plasma particles and research on their 
basis of the collisional, transport properties 
represent a great fundamental and practical interest 
(see, for example, Refs. [1-6]). It is important for 
development of the technologies of the many 
practical applications connected with non-ideal 
plasma, for example, thermonuclear fusion with the 
laser compression and others. 

In works [2,3] for electron – atom 
interaction the effective potential considering both 
effects of screening and diffraction was presented: 
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2ea ea B ek Tπµ= ≈D h D  is the de Broglie thermal 

wavelength; ( )/ea e a e am m m mµ = +  is the reduced 

mass of electron and atom.  
Potential (1) is screened and also has finite 

values at the distances close to zero. It is necessary 
to note that traditionally the screening of the electric 
field in plasma is represented by the static Debye – 
Huckel screening. This approach is valid, if the 
velocities of the colliding particles are near to the 
thermal velocity. Screening, depending on the 
velocity of the colliding particles, was called as the 
dynamic screening and now is often used in research 
of the non-ideal plasma properties. In works [4-6] 

the way of accounting of the dynamic screening was 
described. It is reduced to the replacement of the 
static Debye length by some effective one that is 
connected with the dynamic screening: 
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Here v  is the relative velocity of the colliding 

particles, 
Тhv   is the thermal velocity. Then the 

pseudo-potential (1) for electron-atom interaction, 
which takes into account the dynamic screening, in a 
dimensionless form is:  
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Тhvv /=δ  
 

In this work the following dimensionless parameters 
were used: 2 /( )BZ Z e a k Tα βΓ =  is the coupling 

parameter (the average distance between particles is  

( )1/3
3/ 4a nπ= ;  

e in n n= +   is the numerical density 

of the electrons and ions; T  is the plasma 
temperature; 

Bk  is the Boltzmann constant); 

Bs aar /=  is the density parameter ( 22 / ema eB h=  is 

the Bohr radius).  
 


