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The relevance of finite-sized microplasmas in applications
such as laser—microdroplet interactions, which function as
effective radiation sources, has recently drawn attention
[1]. Given that these finite systems differ greatly from
infinite plasmas, it is essential to comprehend the normal
modes [2, 3]. and transport phenomena (such as
expansion) in these systems.

In this work, normal electrostatic modes in a finite-sized,
cold plasma are investigated using 1D electrostatic fluid
simulations. Utilising a two-fluid non-relativistic model
with finite ion mass, the LCPFCT code [4] has been
implemented which uses Flux Corrected Transport (FCT)
algorithm. There is a small electron-ion density mismatch
in the first plasma density profile, which has a double
tangent form. At the plasma edge of cold plasma, electron
oscillations take place at the plasma frequency and its
harmonics, with the amplitudes of the harmonics growing
as the density gradient steepens. lons expand and oscillate
despite reacting more slowly. The droplet expands as a
result of these oscillations. The density evolution of the
finite size plasma is depicted in figure-(1), where we also
note the formation of sharp structures over time,
particularly at the plasma edges. The fluid description
gives a reasonable estimate of wave-breaking time, but
breaks when the sharpness of these structures approaches
that of the grid. It is demonstrated that the sharpness of
these structures is arrested when dissipative effects like
diffusion are present. It has also been investigated how

these structures behave when exposed to an externally
applied oscillating electric field that corresponds to long
wavelength radiation [5].

For initial density profiles of the electron and ion fluids in
a cold, nonrelativistic finite size plasma, an evolution
equation for the space charge density is derived using a
perturbative approach. This equation is accurate up to the
third order in density perturbation. To reproduce known
results about the phase mixing time in the immobile ion
limit and in the case of mobile ions, for both a
homogeneous plasma and a plasma with periodic
inhomogeneity, the one-dimensional evolution equation is
solved. Observations from fluid simulations provide
strong support for the insights provided in the case of non-
periodic plasma inhomogeneity, such as that found in a
finite-size plasma [6].

References

[1]  Anand, M., Paul Gibbon, and M.
Krishnamurthy. Europhysics Letters 80.2 (2007): 25002.
[2] Dawson, John M. Physical Review113.2 (1959): 383

[3] Davidson, R.W.C., and PPJM. Schram.
Nuclear Fusion 8.3 (1968): 183.
[4] Boris, Jay P, et al. Naval Research Lab

Washington DC, (1993).

[5] Bag, Subhasish, Vikrant Saxena, and Amita Das.
Physics of Plasmas 31.7 (2024).

[6] Bag, Subhasish, and Vikrant Saxena. Physica Scripta
100.3 (2025): 035616.

t=0 t=5 t=10
1 g | | al 1 | I I Bl
nE — \ ne —
\ N N\ T
co05 \ 05
\\ \
N \\
| | | | | | |
50 52 54 56 58 60 50 52 54 5 58 60
t=15 t=20 t=25
15 15— 25
- Tl al | | e L g | | e L 1
n — - n — - 2 n—- -
1F== - 1 o -
NS 151 -
C =—\‘A l
1 A\ -
05 05 =~ I
\\Q/kL 05
.
o I i I I I I I o I I L I
50 52 54 5 58 60 50 52 54 5 58 60 50 52 54 5 58 60
=30 =35 =40
3 3- A 3r- A
| [ Ne | 1 I | Ne | I | Ne |
Nj — - Nj=—= Nj=— =
2 - 2+ - 20 -
. |
. |
1 1 \J 1 e gl
0 | | N | | M 0 | %L
5 52 54 5 58 60 5 52 5 5 5 60 50 5 5 5 5 60

Figure-(1): Density evolution of finite size plasma



