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Key Findings:

1. A numerical technique is presented based on the shooting method which solves for
eigenvalues in any symmetrically non-uniform plasma equilibrium.

2. This technique successfully reproduces previously obtained analytical results for
uniform equilibria in both Cartesian and Cylindrical geometries.

3. A number of specific non-uniform cases are investigated including inhomogeneous DKIST  will provide much
background density and background flow. greater understanding  of

4. The observed spatial structure of eigenfunctions is changed due to the | RECISUGKCRECITLRGIELIE]
background inhomogeneity — with slow body modes being the most affected, | [GAUSEUEICICIICER I lal>
which may have implications for observers analysing high spatial resolution data. waves propagating within.




NUMERICAL METHOD

Step 3:

Locate point where
difference between internal
boundary value and external
boundary value changes sign.
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Internal right boundary value = 14073
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pass a red cross which shows
known analytical solution to
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Step 1:
Breakdown initial domain by

/
Step 4:

Go back to previous sample,
narrowing step size and repeat

seed samples on dispersion
diagram - considering real
frequencies and wavenumbers.

process until difference at
boundary becomes very small.
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Step 2:
lterate through seed points
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Internal right boundary value = 47.141
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calculating Pr and v, (§;) for o) e b e SO e
each w,k pair. 2 o P 5:
P diff = 16,618 Store values for w,k and
N ™~ to next main sample
. = ~ ~ I :,_j i . Mmov n
Require Pr, VU, , VU, <<1 far away from 5 10 ve difference! ove o P
boundary — use shooting method to solve ODE. E repeating same process.




Po; (x) distribution | NON-UNIFORM MAGNETICSLAB |

Lower (higher)
density plasma

e Non-uniform magnetic slab —
Bo. I Higher (lower) let’s consider a Gaussian profile

Pyo Poe density plasma

in background density.

(Below): Eigenfunctions for slow body
sausage and kink modes for each case of _ —
Gaussian density with consistent colour (Aboye): Gaussian prc?flles in
scheme. Additional nodes appear for density shovx./n.by dlflferent
larger inhomogeneity. May be stapdard deviations (widths).
misinterpreted as different wave modes Uniform slab shown by black

or overtones by observers. Proﬂle. _ Increasing
inhomogeneity shown by

yellow, green and red curves.

(Below): Dispersion diagrams for each
case of Gaussian density.
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. profiles

NON-UNIFORM MAGNETIC
CYLINDER

As inhomogeneity of background
flow is increased, resulting velocity
field becomes more rotational -
suggesting vorticity is present.

Non-uniform magnetic cylinder —
let’s consider a Gaussian profile in
background plasma flow / density.
[Skirvin et al. 2021(b) in prep]
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(Right): Eigenfunctions including §, for
slow body kink mode for Gaussian
background flow. Similar to non-uniform

Gaussian density in magnetic slab, the
spatial structure is changed because of
the non-uniform equilibrium.

U (e = SERE SES 15 TG IRl = B B = B . . . W=0.9—kink—k=1.5 - =6 - t=25
]| (Left): Comparisons of velocity field} *r——
oz Hor eylinder with uniform flow and | Ll s
'''''''''' plasma flow modelled as Gaussian. N
§§§ For non-uniform background —wave | ™ - -f£ 2500l
N . " ]
:;g\: propagation increases vorticity. ool [ -
AN : el PR e
§C¢ (nght) SnaPShOt of VEIOCIty field M . O SEEERE
zzzoriwy | | for equilibrium non-uniform density. Qe
iRz 1 Boundary  of  surface becomes | T ST =T
: ... ||distorted. .

B
=1

)

SE

i
=
[}
[t
o

|
s
i

1
]
=]

(=
of

For velocity we analyse specific
slow body kink mode with ka = 2.




