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Electron states in plasmas

1. Restriction of 
excited states
of atoms

2. Transition from bound pair excited states
to collective excitations of free electrons
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TWO PROBLEMS

1. Restriction of  the number of excited states.
It was treated a great number of times since 1913 by 
Bohr, Fermi, Plank, Brillouin, Larkin,
Ebeling, Kraeft, Röpke, Schlanges, Redmer,Alastuey, 
Воробьев, Грязнов, Иосилевский, Старостин et al.

2. Crossover from bound pair electron-ion excited states 
to collective excitations of free electrons. 

Our idea of the crossover is to bridge :     
excited atoms – pair fluctuations – triple 
fluctuations – multiple  fluctuations – collective  
fluctuations or excitations (plasma waves)
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1. Идея подхода



Visualization  of moving particles in MD-cell
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Pair transient bound state visualization
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Pair transient bound state visualization
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2. Плотность парных состояний у 
предела ионизации
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ϕϕϕϕ0 = 8ππππ

Плотности состояний парных
флуктуаций при неидеальности Г = 1



ПРИБЛИЖЕНИЯ ДЛЯ ПЛОТНОСТИ 
СВЯЗАННЫХ СОСТОЯНИЙ









+−⋅⋅⋅=

−−

kT
eRyg kT εεε

ε

1
2

1
)( 2

5
2

3

kTeRyg
ε

εε
−− ⋅⋅⋅= 2

5
2

3

2

1
)(

Isolated hydrogen atom

Plank-Larkin

2n

Ry=ε



Плотности состояний парных 
флуктуаций при неидеальности Г = 1
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Плотности состояний парных 
флуктуаций при неидеальности Г = 1
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Плотности состояний парных 
флуктуаций при неидеальности Г = 1
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Плотности состояний парных флуктуаций
при различных неидеальностях
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3. Характерные области 
существования электронных 

состояний
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Density of pair states at Γ = 1 for different values of cut-
off phase ϕ0 = 2π, 4π, 8π, 16π



4. Плотность состояний
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CONCLUSIONS
Fluctuation crossover approach is developed for the consideration
of electron states intermediate between collective free and pair
low-lying excited states.

•The pair fluctuation (and atomic) density is close to zero in the 
energy domain adjoining to the ionization limit at negative 
energies. 

•Energy distribution of free  electrons turns out to be Maxwellian
with the non-shifted zero energy.

•The area of the plasma nonidealities is discovered  where there 
are neither excited atoms nor pair fluctuations.


