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Coronal Heating Puzzle
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Coronal Heating:
Small Scale Events

ad Coronal Bright Points (CBPs)
= mini ARs

0 Campfires & the most miniature
flares

I




Brightenings: CBPs and campfires

» Solar CBPs and campfires (the most miniature
flares) are ubiquitous in the quiet Sun. They
may release magnetic energy to heat the solar
corona, but their contribution to the energy
flux has not been determined yet.




Machine Learning: Automatic
Detection of CBPs and Campfires

We develop a method based on Zernike moments (ZMs)
and machine learning (support vector machine classifier)
for automatic identification and tracking of CBPs and
campfires observed by Solar Dynamics Observatory and
Solar Orbiter/EUL

| D=0.56au
30 May 2020

Mission highlights: The closest ever images of the Sun, the first ever close-up images
of the Sun’s polar regions



Zernike moments (ZMs)
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Properties of ZMs: rotation invariance
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Properties of ZMs: scale & translation invariance
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Reconstruction error




The main reasons for using ZMs:

The Zernike Polynomials = 2D orthogonal and complete set
functions = ZMs are unique and independent signatures.

A finite number of ZMs=>» reconstruction of the original image
ZMs=>» less sensitive to the noise of the image.
|[ZM|=>» rotation invariant

Image normalization=» ZMs can be made into scale and translation
Invariants.

ZMs =» geometry and morphology of the object



Support vector machine (SVM)

» The SVM, a high-performance classification
method originally designed for the two class
statistics problems, was developed based on a
decision boundary that separates the training
points. Two hyperplanes (parallel to the
decision boundary) with the maximum
margin  included the least error in
classification. The SVM with the Gaussian
kernel function was applied to identify CBPs
and campfires.



Campfires:. EUV brightenings, events that contain the small-
scale loops, elongated loops, loop apexes, and contact points
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(1) Campfire sub-images selection:
N campfires

(2) Non-campfires sub-tmages selection:
M non-campfires
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(3) Class 1: ZMs of campfires
— | Class 2: ZMs of non-campfire
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(4) Tram SVM classifier with 70% (randomly selected)
of both class | and class 2
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Identification step ] [

(5) Fed the remaming 30% of both class | and class 2
to SVM classifier
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(6) Compute performance
(TSS, Accuracy,...) metrics

]

(8) General identification:
Apply for EUI images to
identify campfires

A schematic flowchart
with nine primary steps for
identification and tracking

method of campfires.

Score Mean

Recall positive

Recall negative
Precision positive
Precision negative

f1 score positive

f1 score negative
Accuracy

Heidke Skill Score (HSS)
True Skill Statistic (TSS)

0.93:0.02
0.96:0.01
0.96:0.01
0.93:0.02
0.95+0.01
0.95+0.01
0.95:0.01
0.90+0.02
0.90+0.02




Coronal campfires: Solar Orbiter
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Campfires associated with a CBP
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Statistics of campfires:.

A sequence of 50 EUI at 174 A images

Campfires 9282
Campfires > 5 sec 3250
Campfires associated with CBPs 4354
Campfires without CBPs 4928

Birthrate. 9282/(Areax245 s) - 2.2e-16 m™2s~1
Area-1.7204e+17 m™?2



Campfires Locations
and Supergranules
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Statistics of CBPs:
More than 140,000 CBPs for 8 years
SDO AlA at 171 A
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Energy-loss flux

o Radiation and conductive loss flux
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Extrapolate to nanoflaers = 2.35 x 10°ergcm ™2 s~1
So, contribution of the small scale energetic events to heat
the quiet Sun is about 78%o!
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