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Detection of waves and oscillations

Motion magnification *
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Detection of waves and oscillations
Automated wave-tracking with NUWT 2 3
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2Northumbria University Wave Tracking code
3Anfinogentov and Nakariakov (2016); Weberg et al. (2018); Thurgood et al.

(2014)
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Detection of waves and oscillations
AFINO* code by Andrew Inglis

Andrew Inglis

The AFINO approach to finding oscillations in solar and stellar flares: latest results and updates

The Automated Flare Inference of Oscillations (AFINO) code provides a novel, statistically
conservative approach to identifying oscillatory signals in solar and stellar flare data. This tool
enables large sample studies of flares and other coronal phenomena. AFINO has also been used
in wider contexts to search for discrete ULF waves in the magnetosphere. We present the AFINO
methodology and discuss the main results obtained so far using this approach, as well as its
advantages and disadvantages compared to other methods. Finally, we discuss expected updates

and improvements to the analysis code.

Waiting for Andrew Inglis talk...

4Automated Flare Inference of Oscillations
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First level data products
Empirical mode decomposition

x(t) = 3sin 2t + 2.5 cos 3 4 0.03t + N(0,1)
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First level data products

Empirical mode decomposition®

B EMD Analysis
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®Narang et al. (2019); Kolotkov et al. (2015)
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Significance testing
Significance of EMD modes®
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®Kolotkov et al. (2016)
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Significance testing

Significance testing Bayesian analysis of Fourier decomposition”
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Inglis et al. (2015, 2016)
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Bayesian model comparison
© Power law + white noise

@ Power law 4 white noise +
oscillation

© Broken power law + white
noise+ oscillation
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Inference methods

Best fitting Bayesian inference

o Input: data + model o Input: data + model + a

@ Output: best fit (the highest priory knowledge
mountain in the parameter e Output: PDF (full landscape
space) of the parameter space)

° Modellcomparlson: _ e Model comparison: Bayes
comparison of the best fits factor (based on full
(based on a single point in parameter space)

the parameter space)
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Inference methods

Bayesian inference®

Bayesian Coronal Seismology

Tiigo Arregui

Instituto de Astrofisica de Canarias, E- 28205 La Laguna, Spain
Departamento de Astrofisica, Universidad de Lo Laguna, E-33206 Le Laguna, Spain

Abstract

In contrast to the situation in a laboratory, the study of the solar atmosphere has to be pursued without direct access
to the physical conditions of interest. Information is therefore incomplete and uncertain and inference methods need
to be employed to diagnose the physical conditions and processes. One of such methods, solar atmospheric seismology,
«makes use of observed and theoretically predicted properties of waves to infer plasma and magnetic field properties. A
recent development in solar atmospheric seismology consists in the use of inversion and model comparison methods based
on Bayesian analysis. In this paper, the philosophy and methodology of Bayesian analysis are first explained. Then,
we provide an account of what has heen achieved so far from the application of these techniques to solar atmospheric
seismology and a prospect of possible future extensions.

" Keywords: tohydrody ics (MHD); methods: statistical; Sun: corena; Sun: oscillations

8Arregui (2018)
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Inference methods

Bayesian inference

@ Bayesian analysis of QPP spectra: Inglis et al. (2015, 2016)

@ MHD seismology by kink oscillations (mainly analytical
approach):Montes-Solis and Arregui (2019); Arregui and Soler
(2015); Arregui et al. (2015, 2019)

@ MHD seismology by kink oscillations (numerical analysis with
MCMC) Pascoe et al. (2017a,b, 2018); Goddard et al. (2018)
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Inference methods

Bayesian inference, (semi)analytical
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Inference methods
Bayesian inference, MCMC®
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Inference methods

Bayesian inference, loop tracking
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Inference methods

Bayesian inference, spatial + temporal information

Loop position: Legs 1 & 2 Densily profile porometers: Legs 1 & 2
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Forward modelling

Forward modelling EUV emission with FoMo'®

R .
n= n,h(:_\{n‘h. T%)

10Van Doorsselaere et al. (2016)
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Forward modelling EUV

Slow waves!!

n=1, §=45°
&3 10
= 8
=
ﬁ 4
@ 10f
= 8
g &l
T 4f
S 4
<
<
P | |
000510152025 000510152025
P, P,

HPascoe et al. (2018)

Sergey Anfinogentov Novel techniques ISSI-Beijing 2019 18 /26




Forward modelling EUV

Standing kink waves waves'?

horizontal (e) n=3, horizontal

/

\ o

Kb abott

T
?
2

S

-
a
s
[=]

w

vertical () n=3) vertical

Solar-Y [arcsec]

Sergey Anfinogentov Novel techniques



Forward modelling EUV

Propagating slow waves waves!3

j| Time-Distonce map

13Mm
andal et al. (2016)
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Forward modelling

Forward modelling radio emission with fast GX and GR codes!*

Curved semi-circular loop; sausage mode; low-density model.

Y

Optically thick and optically thin emissions oscillate in phase.

Y

Slightly below the spectral peak, the oscillations are shifted
by ~A/d.
The oscillation amplitude is the highest:

* in the optically thin range — at & = 90°;

* in the optically thick range — at small viewing angles.

v

Kuznetsov et al, (Solar Phys., 290, 1173, 2015)

Jf=125GHz

14K
uznetsov et. al 2015
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MHD seismology by decay-less kink oscillations
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MHD seismology by decay-less kink oscillations

Loop Loop Slit Period  Intensity  Density Kink Cao Cae
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Preliminary structure of the chapter

@ Detection of waves and oscillations

» Motion magnification
» NUWT
» AFINO?

@ Significance testing
» focus on the presence of power law “noise” in solar data

@ Forward modelling

» EUV
» Radio

@ Bayesian inference
» focus on research not covered by Arregui (2018)

@ Did | miss something important?
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Thank you for your
attention!
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