Quantifying the Likelihood of Substructure in Coronal Loops
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Hich-Resolution Atmosbheric Imasin e Compare observation to image drawn from the “null hypothesis”, that
To develop a method to search for substructure in solar C g ¥ Hi-C A P blv (Al Ag g no substructure is present in the coronal loops.
images. By identifying the substructure of coronal loops, oronal Imager (Hi-C) ssembly ( )

* The null image is created by convolving the observed image with the
we determine dominant spatial scales and constrain 18:53:44 18:53:44 point spread function to remove structure at pixel resolution.
theories of coronal heating.

+ The null distribution is created using MCMC iterations of 5 Poisson
realizations of the null image.
+ The alternative (observed) distribution is created from MCMC
iterations of observed image.
* We compare the corrected sharpness values of the null distribution and
alternative distribution using the p=value upper bound ( U ).
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|. Test for substructure in regions in AlA (green) that have corresponding
Hi-C image (yellow)

2. See whether regions in AlA, without a corresponding Hi-C image have
similar substructure detections
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*Hi-C images are at high resolution; it was a rocket flight that recorded a Tobs " or equal to c from observed distribution

small region of the sun in a short amount of time. Results
*Some of the loops seen to be "monolithic” in AIA were found to have -
sub-strands in Hi-C images.
eLow Count Image and Reconstruction Analysis (LIRA):
Background +Bayesian and Markov Chain Monte Carlo (MCMC) algorithm
+Components:

Smoothed underlying baseline
Inferred multi-scale component

* A Significance test
is performed for
each pixel in AIA
Image.

* We compare
results to Hi-C for

(Left) Original AIA image proof of concept.

(Center) Hi-C image with features of interest marked

(Right) AIA image overlaid with significant, highlighted pixels
with features of interest marked

AlA

*One of the major unsolved questions in coronal astrophysics is where
the energy to heat the corona comes from.
* The corona is the outermost layer of the sun and is made up of high-

ronal loops e
* Coronal loops are magnetic flux tubes, filled with plasma, that run Shar'pness Statistic

through the corona and connect regions of opposite magnetic polarity. gx) - image matrix * Sharpness () quantifies

g(x.y) , Normalization the prominence of the

e * The same analysis was THRAR arecAl
WY = N-1~— N-1 5
S S g (x, )]

applied to images outside of

substructure (Wee & , ,
G = §(z.y) — 1 . - ( . the Hi-C region, taken from [EI&a
’ ubtract mean Paramesran 2008) using the different £ o .
. Iirerent areas o c area
g -1 oo R Coveriance matrix sum of the eigenvalues of
. (N=1) . ) corona. :
) the covariance matrix e Most | " 4 arecB3
~ — > in U r U m il n ° ° OS OO S S Owe non- i : 3
o = UDV Singular Value Decomposition o Slide a 55 window across Jetect P
ctections
A, N Sl R | LIRA output to calculate
. a i i b c Z Ao = w > Sum of squared eigenvalues .
AIA image of Corona Outer corona during eclipse Coronal loop (diagonal of D) sharpness at each location.
* Alfen wave dissipation is a large-spatial—scale heating mechanism that Images where substructure was
dissipates energy into the corona through turbulence. (Left) LIRA multi-scale component detected with features marked
* Nanoflares are small-spatial-scale consecutive bursts of energy from (Right) Each pixel in the sharpness Di . 'We lusi
magnetic reconnection that contribute to heating and is induced by image corresponds to a 5x5 ISCUssion onciusion
stresses at the footpoints that cause braided substructure along the ZV'T'CLOW ’”hthe.’-’fAh'mage-The ®VVe have adapted LIRA to work on extended sources.
loops. righter the pixel, the more ®\We find that in every instance that the AlA loop is known to be
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