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Abstract

In this work, we have analyzed the Fokker-Planck equation for Plasma in a Paul Trap in
more detail and found two interesting features of the solutions regarding number of
solutions and their behaviour.

Firstly, for a time-periodic spatially linear electric field, the Fokker-Planck equation
seems to admit solutions only of the form of a Gaussian (quadratic polynomial in the spatial
and velocity coordinates raised to an exponential). If we take higher powers of the spatial
and velocity coordinates in the exponential, their coefficients turn out to be zero even for
the transient state.

Secondly when we assume a similar Gaussian solution for the Fokker-Planck equation,
we find that the coefficients of the three terms inside the exponential have two fixed points,
one of which is the well known stable Boltzmann solution. However, there is another fixed
point, which Is unstable and there could be special initial conditions in the plasma
distribution, for which these coefficients blow up with time.

Introduction

Paul trap is a device used to confine charged particles of the same species by using
time-periodic spatially linear electric fields.

!
!

@
O]
o]
O]
D
Q

%////

L

a

d ©

T
7
\B\\\

®
®

R S
®

\

(<)
Q
Q

2

Fig.2" Charged Particles inside Paul Trap
The collision-less Vlasov equation for spatially non-uniform time-periodic electric fields
is known to have infinitely many solutions, most of which are quasi-periodic in timel'-2l.
However, it is usually believed that the solutions of the collisional Fokker-Planck

equation for such systems asymptotically reach an equilibrium state of time-periodicity
irrespective of the initial conditions °.

e \Working with Fokker Planck Equation for Plasma in a Paul Trap by introducing a
Noise/Diffusion term and a Friction Term in to it."

e \We wanted to see if this kind of equation can have multiple Stable & Normalizable
Solutions and do they all behave Asymptotically same for different initial conditions in
the distribution function and where do they reach after a long time of evolution.

e The equation is as Follows:
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e Considered following R? for the above equation:

1.(-p + 2gCos(2t))x
2.(-gxCos(2t))

e Considered the following Solution for the differential equation.
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1. We found only a single set of values where the distribution function arrives for certain
set of initial conditions, they become unstable when stated from other than the stable
initial conditions.

2. They were supposed to arrive at the other set of solutions at those initial conditions (other
then the one from above set.), but this happens only when the coefficient of ‘vX' IS
not evolved with time.
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i. This are the graph of A(t).
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ii. This is the graph of B(t). lii. This is the graph of C(t).
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iv. This is the graph of G(t).

PI t of G(t) obtained by PI t of G(t) obtained by ally
0s0 0.010000 -0. 600000 0 000020 O 000100 0s0 0.010000 -0. 600000 0 000020 0 000100
5

111
111

00000

Original Super Zoomed

Conclusions

e There is something happening when coefficient of ‘vx’ is kept constant, could lead us to
other solutions too but at the cost of g(t) getting blown up.

e In later work? it was shown that there are such regions of stable and unstable
solutions where the distribution function starts from unstable initial solutions and then
returns back to the stable zone after sometime.

e The primary conclusion of our work is that the transient solutions of Fokker-Planck
equation need to be carefully analyzed and merely looking at the equilibrium solutions
can be misleading.
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