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Intfroduction

What is Plasma?
Plasma is an ionized gas.

Plasma in Nature

99 % of the photonic universe is
plasma.




Classical Plasma

The classical regime
focuses on high
temperature and low
densities.

4




Quantum Plasma

The quantum regme
focuses on low
temperature and high
number densities.
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Dense Asirophysical Objects

Exhaust most of their nuclear fuel.

High mass concentrations within relatively
compact volumes.

 White Dwarfs
* Neutron Stars
* Black Holes




Drift

harged parficles in a magnetic field gyrate

It causes a drift, orthogonal to both the magnetic
field and the drift source.

» E X B Drift: Infroducing a uniform electric field.

agnetic Drift: |s collective due to pressure
gradients, and absent in individual particles.

larization Drift: Time-varying electric field is
infxoduced.

round the z-axis. When a drift source is intfroduced,
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Electron Plasma
Wawves
Eelctostatic
Wawves
Electron

Oscillation Lto B
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Waves in Plasma
plasma, due to oscillations of Electron Waves | -

2
) , create
aves, leading to electron and
iIon wave types, each with
dubcategories. Plesmaiaves
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Alfven Waves

+ Low-frequency ion oscillations in @
magnetic field, and propagate
along the magnetic field.

Predicied by Hannes Alfvén in

: : 2 _ 2)
They are like waves on a magnetic W = Vy
tring with plasma particles as
eqds.

Vs = Bo/\lop

aboratory and space plasmas.



Drift Alfven Waves
» Drift Alfven waves are Alfven wave in presence of non
uniform medium.

» Laboratory and space plasma.
w3 — w?w* — w(1+ kZp2)vik: + w*vikz =0

w* = v.4k, is diamagnetic drift frequency. Doy = %Kn Diamagnetic drift
Ps = wili BRSS! RadlUs. Kn:nio% is inverse inhomogeneity length scale
Co = \/% IS ion acoustic speed.

Bol

is Alfven wave.

AN VHoNeM;




Literature Review

» Pokhotelov in his paper derived two-fluid equation set captures the nonlinear
dynamics of drift Alfvén waves in multicomponent dusty plasma, revealing the
coupling between drift-Alfvén waves and drift convective cells in the linear

limit[1].
» H. Sale examines low-frequency electrostatic and electromagnetic linear
modes In nonuniform cold quantum electron-ion plasma. Additionally, the

Impdct of stationary dust on an electrostatic mode is explored. Quantum
cofrections in the linear dispersion relations for cold dense plasma are
presented, accompanied by relevant equations [2].

nishchenko in a paper derived, The classical development of the theory of
drift Alfvéen waves, with a spatial scale comparable to the ion Larmor radius, has
been undertaken. This includes investigating the dispersion relation and
nalyzing how plasma density perturbations vary with the wave frequency [3].



Literature Review

A paper by Misra presents a concise analysis of Drift-Alfven modes in hon-
uniform, quantum dusty plasma, which consist of electron-ion and negaftively
charged dust grain. By solving linearized equations within the linear regime and
using quantum hydrodynamics model and Fourier transtormation they derived
the dispersion relation[4].

= Haljun Regn, studied electromagnetic drift waves in a honuniform quantum
magngtized electron-positron-ion plasma. By using guantum hydrodynamics
lons, and magnetic field of Wigner-Maxwell system, they derived a new
disgersion relation which ion’s motion are not considered|[5].

Qomar studied analytical description of drift Alfven modes in honuniform
ounded magnetized electron-positron-ion plasma. By considering Gaussian
ensity profile linearized equations are solved|[é].



Motivation

= Most research is conducted on multi-component plasmas (e.g., Electron-
Positive lon or Dusty plasma), whereas our study focuses on a two-species
plasma (electron-ion).

- st papers ignore the spin effect and only consider Fermi pressure and Bohm

oftential effects. However, we incorporated the spin term, providing a more

comprehensive understanding of astrophysical objects by including all relevant
corrections.

» The model manipulation and calculation methods are different. We can study
it in three ways: Two-fluid theory, two-potential theory, and MHD theory. Most
literature is based on two-potential theory, but we conducted our study using
the two-fluid theory. Additionally, those who worked on the two-fluid theory
employed different methods.




Abstract of the Work

= Our research infroduces a more complete picture of spin quantum
plasma, along with other previously unexplored corrections.

» |n this academic study, we Uulllized some novel analytical

technigues to identify new modes within spin qguantum plasmas for
thegirst time.

» fhese findings mark a significant advancement Iin the
understanding of quantum plasma dynamics Iin  dense
astrophysical objects.



It is Electron lon Plasma

s Quantum Mechanical regime
o Low Frequency perturbation is
there (w < w,;)

(By) Is In (Z2) direction.

We have'two kinds of electric
field (1) and (E)).

ot
) is in (y) direction and is just |
of scalar pofential (=Vie).

Discerption and Geomeiry of The Problem

el}



Our quanfum mechanical study focuses on Fermi, Bohm, and Spin pressures
with density variations, and considers electrons as inertia-less in low-

requency Drift Alfvén Waves (DAW).

For electron:
ov
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Electric current density arise from electron movement, resulting in two types:
free electron motion and bound electron motion. Thus, the total eleciric
current density is the sum of these two types.

Jt :]p + /B
J, = —engUe, + (V X M)Z
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Eleciron Continuity Equation

We linearize the continuity equation for electrons, focusing on first-order perturbations and
omitting second-order and background mul’nphco’nons
on,

Y +Vne v+neV =0
0n,q
3 Sl Vlneo Ver, + Vnel Ver, + no(Vlvl ol V“v”) =0
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Electron Parallel Motion

In the parallel direction, we focus solely on Fermi pressure and exclude other pressures like Bohm
potential and spin terms for simplicity. Linearized form of parallel motion is:
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lons Continuity equation

In deriving the ion continuity equation, we include only the (ExB) drift in first term, and focus on
the polarization drift in the third term.
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DAW Dispersion Relation

To find the Drift Alfvén Wave (DAW) dispersion relation, we subtract ions continuity equation

from electron continuity equation.
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DAW Dispersion Relation...

By putting this value or A, in electron parallel motion equation we can get:
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DAW Dispersion Relation...

We use the value of 4, and n,,/n, in electron continuity equation.
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Where:

w” = kv,
2
v, = —
Wi
Do = Csi
si —
Wi
1- Xe
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Uominy
1
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2
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w3 + wlwy — o(1+ pZk2) k202 + 0 kZD5, =0

Where:

b= (1+kjp5)kFviy
d = w*viy k2

We're using Mathematica to solve this cubic equation and find its roots.




Graphical Results gt )
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