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! Introduction

=¥ » What are Fractals?

| 'f * Why use fractals to
¥ analyse sunspots?




‘= Introduction (Summary of Previous

= @& Work — Fractal Dimensions of Umbral and
= Penumbral Regions of Sunspots —

& Rajkumar, Haque, Hrudey 2017)

. Using images of 16 AR taken at the Dr. Wm. Hrudey
3 2 Observatory, an analysis was done to determine the fractal
dimensions of sunspot umbra and penumbra.

= = « The results gave
| e Umbra fractal dimension = 2.09 + 0.42
e Penumbra fractal dimension = 1.72 + 0.40




* Introduction (Summary of Previous
~ 8 Work)

& « Comparison to “Limits of the Fractal Dimension for :
& Irreversible Kinetic Aggregation of Gold Colloids” — (Weitz &

et al. 1985) formed a good analogy since %
* The larger clusters formed by diffusion limited kinetics gave a

fractal dimension of 1.77 £ 0.05 for E << kT similar to the larger fe
penumbra region which had fractal dimensions of 1.72 + 0.40 :

* While reaction limited kinetics produced smaller clusters with a
fractal dimension of 2.01 £ 0.05 for E > kT analogous to the

smaller umbra region which had a fractal dimension of 2.09 +
0.42
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' Introduction (Summary of Previous

Together with a recent model of sunspot formation by
Jaeggli, Lin, and Uitenbroek 2012 which suggests that
ionised hydrogen becomes molecular hydrogen due to the
reduced temperature in sunspots.

It 1s proposed that the kinetic dynamics in a gold colloid
system may be used to model the similar process of
compressible flow 1n sunspots because of their similar
geometrical structures.




| Aims

= « This study seeks to determine the fractal dimensions

i | of the magnetic structure in active regions using the
area-perimeter method and to determine the magnetic
structure distribution within an active region.




= 7 i Method

16 colour magnetograms and flattened intensity images
containing the AR’s used by Rajkumar Haque and
Hrudey(2017) were g s o
obtained from the
Joint Science
Operations Centre

(JSOC).

* The images were then
overlaid and the 16 AR
were 1solated and
cropped.




Using the HMI Magnetic Field
Color Table Colour Table, the magnetic
fields in each AR were
fablc o lockgrit o yisily o L separated into 4 magnetic

structure at both high and low field

vaiites. fe iR groups :-

Field strengths <24 G are shades of gray.
Positive Field Values are green and blue.
Negative field values are yellow and red.

Weak field regions appear mostly yellow | ‘ 2 B N ; o VV eak pOSlthe ﬁCldS (24 tO
or green. Increasingly positive values FONEET i SO A e R
range from dark green to bright green at A R e SEns o 236 G) =5 gl‘een

236G. Negative values move from bright
*Weak negative fields (-24 to -

yellow to orange at -236G.

There is a sharp discontinuity in color at s ; -
2360. g o 236 G) — yellow/orange
Positive or negative polarity sunspots VA Fe

and other strong field regions will | :. .",:- R 'StI‘OIlg pOSlthC ﬁeldS (237 to

appear blue or red with dark umbrae.

1500 G) — blue
There are 254 defined colors symmetrically arranged around the zero point. 3 f. 1 2 3 7
The 127 positive include 2 darkening gray, 18 brightening green, and 110 darkening blue. ( S d (_
The 127 negative include 2 brightening gray, 18 darkening yellow, and 107 darkening red. trong negatlve le S tO

Nominally, each color spans a range of ~11.81 G and the color table extends from -1500 to 1500 G. s 1 500 ( i) Sk red




= Method

£ =« The area and perimeter of each threshold group was then

measured using the ImageJ software and the fractal
dimension determined using the analysis below.

= Note: The magnetic structure was also separated, measured
& @ and analysed for strong and weak fields.

& * To quantify the distribution of the magnetic field

contained within the umbra and penumbra, each active
region was overlaid with the magnetogram and the
umbra/penumbra area percentages calculated.




= Analysis

G '. The area, S, 1s related to the perimeter, L, as shown:
b S~L1——Egn1l

¥ From Eqn 1, we see:

AT - Log $ e 3

T T

& Therefore, q can be determined via linear regression analysis

of Log S and Log L. q 1s related to the fractal dimension, d,

.

d e Eqn 3
q




: k Analysis

*= " Umbra area percentage,

HAredt = Mag Area Fond
. Umbra Area i
¢ Penumbra area percentage,
Mag Area
PArea% = Eqgn5

Penumbra Area
Where “Mag Area” = the area of any magnetic region.
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q= 1215013
d=1.77£0.20




- " ' Results
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= Results
. Graph 2 showing Log S vs Log L for -ve Weak Fields q= 1.09 +0.15

. d=1.83 £0.25
oo




+ve Strong Fields (blue)
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= Results
Graph 3 Showing Log S vs Log L for +ve Strong Fields q= 1.27 +0.30
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= Results
Graph 4 Showing Log S vs Log L for -ve Strong Fields 1.20 + 0.30

1.67 £ 0.42

LogS
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e +ve Fields (blue + green)
el R Heliographic
g R il AR # Latitude ‘
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12394 06/08/2015  14:00:00 14144 6677.75 498  3.90
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e 12434 18/10/2015  15:15:00 52152 20295.31 481 430

P 12436 23/10/2015  15:30:00 69651 26144.98 494 439
R 12443 03/11/2015  15:00:00 93318 35213.29 506 450 ;
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= Results
Graph 5 Showing Log S vs Log L for +ve Fields = 1.21 £0.26
d=1.65+0.36
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b -ve Fields (red + orange/yellow)
i miod i Heliographic
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12401 18/08/2015  13:30:00 . 32388 9622.67 455  3.94
12403 22/08/2015  13:15:00 . 93921 27678.27 500 435
12418 20/09/2015  15:30:00 . 47594 14319.31 471 410
12434 18/10/2015  15:15:00 . 38657 13505.98 463 410
R 12436 23/10/2015  15:30:00 . 71549 20776.52 488 421
( 12443 03/11/2015  15:00:00 . 75327 21804.86 490 421



q=1.18+0.19
d=1.69+£0.27
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% ¥ * Summary of Results

- ,k Magnetic field Fractal dimension

1.57 £0.30
1.77 £0.20
1.65+0.36
1.67+0.42
1.83+0.25
1.69 +0.27

.. Strong +ve
~ Weak +ve

e +ve

2 Strong —ve
| ~ Weak —ve
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Umbra
Area
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+ve Weak Fields
(green)
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0.0%
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-ve Weak Fields
(orange/yellow)

13.8%

19.3%

32.3%
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6.8%

24.7%

6.9%

30.2%

11.3%

2.4%

0.0%

22.0%

15.7%

12.4%

33.6%
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= Discussion — What does this mean?

i 3 * Umbral regions are dominated by strong magnetic fields
with low fractal dimensions. These describe low
complexity and high stability.

* Weak magnetic fields which occur in the penumbral
regions are associated with increased complexity and
lower stability which is reflected by higher fractal
dimensions.




= Discussion

&+ Compared to the fractal dimensions for the

i penumbra (1.72) and umbra (2.09) measured by
Rajkumar, Haque and Hrudey (2017), 1t 1s found
that while the magnetic structure within the umbra
exhibits lower complexity than the penumbra, the
umbra itself has a higher fractal dimension than the
penumbra.

¢ 3+ This indicates that more complex magnetic fields
produce active regions with greater stability.




= Conclusion

Syms;got’s umbrae are dominated by strong magnetic fields
with fractal dimensions of 1.57 £0.37 for +ve fields and
1.67 £0.42 for —ve fields which indicate the presence of
more stable structures.

*Penumbral regions of sunspots, while do.minated.bﬁ/ strong
magnetic fields, contain weak magnetic fields which
contribute to more unstable structures indicated by higher
fractal dimensions of 1.77 £0.20 for +ve fields and 1.83
+0.25 for —ve fields

*Comparing to Rajkumar, Haque and Hrudey(2017), it is
suggested that an increase in complexity of magnetic
structures can lead to an increase 1n stability of active
regions.
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: Comparlson

‘ ; Magnetlc field Fractal dimension

_ Strong +ve 1.57 £ 0.30
it - Weak +ve 1.77 £0.20
o ve 1.65 + 0.36
Sy Strong —ve 1.67 £0.42
. Weak —ve 1.83 £0.25
e 1.69 = 0.27
g Umbra 2.09
| 1.72

v L R . 3
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- Penumbra



