
P
os
te
d
on

A
u
th
or
ea

12
O
ct

20
20

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
60
25
09
60
.0
04
87
51
0/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Iterative Splitting Methods for Stochastic Differential Equations:

Theory and Application to Coulomb Collisions in Plasma

Simulation

Juergen Geiser1

1Ruhr-Universität Bochum

October 12, 2020

Abstract

In this paper, we present splitting methods that are based on iterative schemes for stochastic differential equations. The methods

are applied to plasma simulations. The motivation arose from solving problems involving Coulomb collisions, which are modeled

by nonlinear stochastic differential equations. We apply Langevin equations to model these collisions and we obtain coupled

nonlinear stochastic differential equations, which are difficult to solve. We propose stochastic splitting schemes that generalise

well-known deterministic splitting schemes. The benefit of decomposing the equations into different parts and solving each part

individually is taken into account in the analysis of the new iterative splitting schemes. The increase in the convergence order of

the iterative splitting scheme with the number of iteration steps is an important and valuable property. The numerical analysis

and applications to various problems involving Coulomb collisions in plasma applications are presented, and show the benefits

of the iterative splitting schemes.
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