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Two distinct routes lead to the creation of multi-scale equilibrium structures in dense degenerate
plasmas, often met in astrophysical conditions. By analyzing an e-p-i plasma consisting of degenerate
electrons and positrons with a small contamination of mobile classical ions, we show the creation of &
new macro scale Lmacro (cOntrolled by ion concentration). The temperature and degeneracy enhancement
effective inertia of bulk e-p components also makes the effective skin depths larger (much larger) than
the standard skin depth. The emergence of these intermediate and macro scales lends immense richness
to the process of structure formation, and vastly increases the channels for energy transformations. The
possible role played by this mechanism in explaining the existence of large-scale structures in
astrophysical objects with degenerate plasmas, is examined.
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The possibility of self-trapped propagation of € ectromagnetic beamsin the fully degenerate relativistic
el ectron-positron plasma has been studied applying the Fluid-Maxwell model; it is shown that dynamics,
of such beams can be described by the generalized nonlinear Schrodinger equation with specific type
of saturating nonlinearity. Existence of radially symmetric localized solitary structuresis demonstrated.
It isfound that stable solitary structures exist for the arbitrary level of degeneracy.
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We study the evolution of primordia magnetic fields in an expanding cosmic plasma. For this purpose
we present a comprehensive theoretical model to consider the evolution of MHD turbulence that can be
used over awide range of physical conditions, including cosmological and astrophysical applications.
We model different types of decaying cosmic MHD turbulence in the expanding Universe and
characterize the large-scale magnetic fields in such a medium. Direct numerical simulations of freely
decaying MHD turbulence are performed for different magnetogenesis scenarios. magnetic fields
generated during cosmic inflation as well as electroweak and QCD phase transitions in the early
Universe. Magnetic fields and fluid motions are strongly coupled due to the high Reynolds number in
the early Universe. Hence, we abandon the simple adiabatic dilution model to estimate magnetic field
amplitudesin the expanding Universe and include turbulent mixing effects on the large-scale magnetic
field evolution. Numerical simulations have been carried out for non-helical and helical magnetic field
configurations. The numerical results show the possibility of inverse transfer of energy in magnetically
dominated non-helical MHD turbulence. On the other hand, decay properties of helical turbulence
depend on whether the turbulent magnetic field isin aweakly or afully helical state. Our results show
that primordial magnetic fields can be considered as a seed for the observed large-scale magnetic fields
in galaxies and clusters. Bounds on the magnetic field strength are obtained and are consistent with the
upper and lower limits set by observations of extragal actic magnetic fields.
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» Dynamic Multi-scale Solar Atmosphere

* Beltrami-Bernoulli (BB) States— Magneto Fluid Coupling — Solar Atmosphere

* New class of Double Beltrami Equlibria sustained by Electron Degeneracy Pressure

« Stellar Atmospheres with Degenerate Electrons & Positrons & lon Fractions

* Quadruple Beltrami System — formation of Macro Scale

* Triple Beltrami System — formation of Meso Scale

* lllustrative Examples - White Dwarfs

» Scale Hierarchy

* Discussion & Summary
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Solar Atmosphere: Primary plasma flows are capable of thermalizing during interaction with primary
magnetic fields (that are curved) to form the hot coronal structure. Two distinct eras are distinguishable
in the life of ahot closed structure — a fast era of the formation (plus primary heating), and arelatively
calm erain which the hot structure persistsin a state of quasi-equilibrium. Parameters of the hot closed
structure (in quasi-equilibrium) are fully determined by the characteristics of the primary flow and the
ambient magnetic fields; the greater the primary flow initial velocity and initial magnetic field Bo, the
hotter isthe coronal base. For the same primary flows the maximum heating is achieved at some height
independent of Bo (in agreement with observations). The greater the resistivity, the shorter is the life-
time of the quasi-equilibrium structure. The formation time of the hot closed structure is strictly
dependent on the magnitudes of primary flow & primary magnetic field, as well as ther initial time
dependence (life-time). The duration of the primary heating is directly determined by the parameters of
primary flow and magnetic fields. Greater the fields the faster the primary heating.
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There are two scales in equilibrium unlike the standard case - A possible clue for answering the
extremely important question: why do the coronal structures have a variety of length scales, and what
are the determinants of these scales? The scales could be vastly separated — are determined by the
constants of the motion — the original preparation of the system. These constants also determine the
relative kinetic & magnetic energy in quasi-equilibrium. These vastly richer structures can & do model
the quiescent solar phenomena rather well — construction of coronal arcades fields, slow acceleration,
gpatia rearrangement of energy etc.
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Degenerate e-p-i plasma Stellar Atmospheres: a mgjor departure from e-i system leading to the most
important result —by studying BB states in an e-p-i (small dynamic ion contamination added to a
primarily e-p plasma), we demonstrated the creation of a new macroscopic length scale lying between
the system size and relatively small intrinsic scales (measured by the skin depths) of the system. We
derived Quadruple [ Triple] Beltrami relaxed states in e-p-i plasmawith classical ions, and degenerate
electrons and positrons. The presence of the mobile ion component has a striking qualitative effect; it
converts, what would have been, a triple Beltrami state to a new quadruple Beltrami state. In the
process, it adds structures at a brand new macroscopic scale Lmacro (albsent when ion concentration is
zero) that is much larger than the intrinsic skin depth of the lighter components. Though primarily
controlled by the mobile ion concentration, Lmacro alSo takes cognizance of the electron and positron
inertias that could be considerably enhanced by degeneracy. The creation of these new intermediate
scales addsimmensely to the richness of the structures that such an e-p-i plasma can sustain; many more
pathways become accessible for energy transformations. Such pathways could help us better understand
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a host of gquiescent as well as explosive astrophysical phenomena — eruptions, fast/transient outflow
and jet formation, magnetic field generation, structure formation, heating etc.
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We present an innovative polarization-holographic imaging Stokes polarimeter based on an integra
polarization-holographic diffraction element, which enables the complete real time analysis of the
polarization state of an incoming light. An element, recorded in a laboratory by a special holographic
schema using circularly and linearly polarized beams, decomposes an incoming light into diffraction
orderstheintensities of which vary depending on the polarization state of alight source. After the CCD
intensity measurements of the corresponding points or areas in the diffraction orders and further data
reduction through the calibration parameters we get the real -time Stokes images of alight source which
allowsto determine full polarization state of a point or extended space object in narrow or wide spectral
range. The operating spectral range of the polarimeter is 500-1600 nm with diffraction efficiency equal
to 20% at 532 nm, 16% at 635 nm and 2% at 1550 nm. The theoretical model of relations between
measured intensities in different diffraction orders and Stokes parameters, developed by the authors
(Kilosanidze B., Kakauridze G. SPIE Proceedings, vol. 8082-126, 2011), were used to calibrate the
polarimeter. The laboratory tests show that the resulting errors are near of 1% or better. First
polarimetric test images were obtained for stars and the Sun. The polarimeter is compact, light weight
and could be installed both on ground-based or airborne tel escopes.
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We discuss some aspects of interactions of high-frequency electromagnetic (EM) waves with
quantum Fermi gas, assuming that the intensity of EM waves is sufficiently large. Relativistic
statistical thermodynamics of quantum electron-ion gas at presence electromagnetic waves is
considered. In this case the distribution function of particles becomes anisotropic, due to high
power EM waves. By the new distribution function we study all the thermodynamic quantities as
function of densities, temperatures and the amplitude of EM waves. We investigate the cavitation
phenomenon of degenerate Fermi electron gas. We obtain a novel set of adiabatic equations. For
two cases we obtain expressions of the specific heat, which is strongly dependent from the
amplitude of EM waves, namely, the coefficient of the electron specific heat increases with the
increase of the amplitude of EM waves.
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Quasilinear theory of a weakly turbulent quantum Fermi liquid is presented. Landau's linear theory of
Fermi liquids is generalized by consideration of weak nonlinear regime. A newly derived kinetic
equation of the Fermi particlesis used to derive aslowly varying distribution function fo, which satisfies
the diffusion equation. It is shown that the magnitude of the diffusion coefficient D depends on weak
interactions between atoms and the de Broglie waves diffraction.
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Kinetic approach is used to study the propagation of ultrarelativistic (amplitude) el ectromagnetic waves
through el ectron-positron-ion plasma. For our purposes, we formulate new plasma particle distribution
function in the presence of' ultra-relativistically intense circularly polarized eleciromagnetic (EM)
waves. An effective, dispersion relation of constant amplitude ultra-relativisiic EM wave is derived,
skin depth is calculated in particular, frequency regimes and has shown numerically that the penetration

depth increases with the amplitude of ultra-intense electromagnetic waves, 4., ~az, i.2., plasmawill be|
heated more in the region of skin depth. Next we have found that the nonlinear interaction of ultra-
relativisticaly intense E.M. waves of time and space varying amplitude leads to construct kinetic
nonlinear Schrodinger equation (KNSE ), containing both local and non-local nonlinear terms, where
nonlocal nonlinear term appears due to density perturbations of plasma species. Taking the effects of
the latter into consideration, nonlinear Landau damping is discussed for KNSE. damping rate is
computed, and numerically ultra-relativistic EM waves are shown to decay exponentially. The present
results should be helpful to understand the specific properties of the ultra-relativistic EM waves in
astrophysical plasmas. eg. . pulsars, black holes, and neutron stars.
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In this study, we have analytically investigated the effects of nonlinear Landau damping on the temporal
growth rate of modulation a filamentation instabilities. Here the nonlocal nonlinear Landau damping
phenomena is appearing due to the nonlinear interaction between ultrarelativistic electromagnetic
(UREM) wave (having wave vector normal to the beam) and e ectron-positron-ion plasma. We found
that the ultrarelativisticponderomotive forceislinear, while usualy it isnonlinear in relativistic case.
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AIP Physics of
Plasmas

Positive and negative ions forming the so-called pair plasma differing in sign or their charge but
asymmetric in massand temperature support anew acoustic-like mode. The condition for the excitation
of ion sound wave through electron beam induced Cherenkov instability is also investigated. Thisbeam
can generate a perturbation in the pair ion plasmas in the presence of eectrons when there is number
density, temperature, and mass difference in the two species of ions. Basic emphasisis on the focusing
of ion sound waves, and we show how in the area of localization of wave energy, density of pair particles
increases while electrons are pushed away from that region. Further. this localization of wave is
dependent on the shape or the pulse. Considering the example of pancake and bullet shaped pulses, we
find that only the former leads to compression of pair ions in the supersonic regime of the focusing
region. Here, possible existence of regions where pure pair particles can exist may aso be speculated
whichisnot only useful from academic point of view but aso to mimic the situation of plasma (electron
positron asymmetric and symmetric) observed in astrophysical environment.
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In recent years, a huge number of works have been devoted to the investigation of collective
behavior of gquantum Fermi gas. Such interest is motivated by its potential application in modern
technology, e.g. metallic and semiconducting nanostructures — such as metallic nanoparticles, meta
clusters, thin metal films, spintronics, nanotubes, quantum well and quantum dots, nanoplasmonic
devices, quantum X-ray free — electron lagers, etc.

To be based on the new quantum kinetic equation of Fermi particles, which recently was derived by N.
L. Tsintsadze and L. N. Tsintsadze [1], a genera quantum dispersion equation for electron-ion
degenerate Fermi gas, with Madelung term is derived and studied for some interesting cases.
Furthermore, then Korteweg-de Vries (KdV) equation for novel quantum waves is derived and
contribution of KdV solitons are discussed.

New effect that we have shown is that when the quantum (Madelung) term exceeds the term due to the
charge separation, the compressional becomes the rarefunction solitons.
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