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Electron states in plasmas
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excited states 2. Transition from bound pair excited states
of atoms to collective excitations of free electrons



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, ROpke, Schlanges, Redmer,Alastuey,
BopobbeB, ['psasHoB, Nocunesckun, CTapocTuH 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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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

MNbound = 14 t=10
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2. MNOTHOCTb NApPHbIX COCTOAHUN Y
npeaena MOHM3auun



3aceneHHOCTU COCTOSAHUMN NapHbIX pnyKTyauum
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MNOTHOCTU COCTOAHUMN NAPHbIX
donyktyaumm npu HemgeanbHoctTuI' =1
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NPUBJIMXEHUA ONA NNOTHOCTW
CBA3AHHbLIX COCTOAHNN

|solated hydrogen atom
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MNOTHOCTU COCTOAHUMN NAPHbIX
donyktyaumm npu HemgeanobHoctnu I =1
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MNOTHOCTU COCTOAHUMN NAPHbIX
donyktyaumm npu HemgeanobHoctnu I =1
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MNOTHOCTU COCTOAHUMN NAPHbIX
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[TNOTHOCTU COCTOAHUM NAPHbLIX (PIIYKTyaLuun
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Energy dependence of AE on the density n
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3. XapakTepHble obrnactu
CyLleCTBOBaHUSA 3NEKTPOHHbIX
COCTOSAHUN
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Two dependencies on the nonideality parameter [

Rate of pair Dair fracti
all Traction
o016~ appearance 0.08 —
N | :
0.012 0.06 —
1 o

= Z 0.04 —
0.004 - 0.02 —

] r

0- 0 T | T | T | T [ T |

O 04 08 12 16 2

N = 500, ¢, = 8T



Lifetime distribution of pairs at bound energies 3KT
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principle quantum number
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Density of pair states at ' = 1 for different values of cut-
off phase ¢, = 21, 411, 8711, 16T
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4. NMNOTHOCTbL COCTOAHUM



PacnpeneneHna 3aceneHHOCTEN
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Density of electron states for 1 = 0.6
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Electron states in plasma
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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.
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*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.




