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Soft X-ray Emission
Outline

Soft X-ray Emission from Solar Flares

Quasi Periodic Pulsations:
— SXR short time scale variability

— Multiwavelength analysis
— Impulsive Phase Event (X1.0 Flare)
— Long Duration Event (M7.7 Flare)
— Statistical Study

Long Period Soft X-ray pulsations &
Geoeffectivness lonosphere (if time)
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Soft X-ray Emission in Solar Flares
Where does it come from? What can it tell us?

Gradual Phase
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Soft X-ray Pulsations
Where does it come from? What can it tell us?
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Soft X-ray Pulsations

Where does it come from? What can it tell us?
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Multi-wavelength Analysis
Relating SXR pulsations to other mechanisms in flare
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Multi-wavelength Analysis
Relating SXR pulsations to other mechanisms in flare

(a) ESP 0.1-7nm
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Impulsive Phase

-Wavelet analysis taking into
consideration power-law distribution

-Characteristic timescales ~20s
across all channels

-In non-thermal emission, find
second characteristic timescale of
~b55s




Multi-wavelength Analysis
Relating SXR pulsations to other mechanisms in flare
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Long Duration QPP in Decay Phase
M7.7 Limb Flare

Lightcurves and Derivative Lightcurves
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M7.7 Limb Flare

SDO AlIA 131.0 Angstrom 2012-07-19 04:21:08
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Long Duration QPP in Decay Phase
M7.7 Limb Flare

Lightcurves and Derivative Lightcurves
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Long Duration QPP in Decay Phase
M7.7 Limb Flare
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Long Duration QPP in Decay Phase
M7.7 Limb Flare

le=7 ‘ 2012-07-19 04:17:00 Modified wavelet

- Wavelet analysis shows
increase in timescale of
pulsations throughout flare

- Timescale increases up to ~
4dminutes

Detrended Lighcurve

- Similar results found via peak
to peak analysis by eye.

- Related to source height of
energy release or length of
loops?
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RHESSI Lightcurves

— RHESSI 3-6 keV
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Long Duration QPP in Decay Phase

M7.7 Limb Flare
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Long Duration QPP in Decay Phase

M7.7 Limb Flare

— What causes prolonged pulsations in
soft X-ray? Signature of continued
heating and reconnection at higher
altitudes?

— Source height increase - longer loop
lengths, possibly kink modes
triggered in loops of longer length?

— Liu, W et al. 2013 find plasmoid
ejections and downward
contractions of reconnected loops
late into this event - possibly

resulting in these observed <« |

pulsations

Trinity College Dublin, The University of Dublin

(b)

Vertical kink mode trigger by new loops?
Can estimate B field (Dennis et al. 2016)

B=\2mhp'?/(D 7).

More to do....




Large Scale Statistical Study
Inglis et al. 2016

Automated Flare Inference of Oscillations (AFINO) More later with Andy’s talk!
Inglis et al.2016 Detected QPP M & X Class Flare (Feb 2011 - Dec
70 2015 ~ 674 events)

Model Comparison to search for
statistical enhancement in Fourier
spectrum taking into consideration
power law distribution.

&

# of events
8

30 % GOES 1-8 A showed signatures

20 of QPP characteristics

10
Preferred Period of ~5-30 seconds

= — f— . ?
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Period (s)

Inglis et al. 2016
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Large Scale Statistical Study
Inglis et al. 2016

Automated Flare Inference of Oscillations (AFINO) results table
Last updated: 2017-01-30T06:00:08.806337

AFINO was designed to search for signatures consistent with quasi-periodic pulsations (QPP) in solar flares. It uses a model comparison technique
to analyse the Fourier Power Spectral Density (PSD) of solar flares in GOES 1-8A X-ray data. Events showing a strong preference for a localized frequency enhancement in the PSD are
flagged as flares of interest (see bold entries)

These results are freely available for reference by anyone interested. If you do make use of this list, please cite the following papers where the AFINO techniques
and results were published: Inglis et al. ApJ. 798, 108, (2015) , Inglis et al., ApJ. 833, 284, (2016)

Key

Model S0: A single power-law plus constant model of the PSD

Model S1: A single power-law plus constant, plus a localized enhancement consistent with a QPP signature

Model S2: A broken-power law plus a constant

BIC: The Bayesian Information Criterion. BIC = -2 Ln(L) + k Ln{n), where L is the likelihood function

ABIC 5g vs 5;: The difference in BIC between models 50 and 51. A positive value >10 indicates a strong preference for 51 over 50
ABIC Sg vs Sy The difference in BIC between models SO and S2. A positive value >10 indicates a strong preference for S2 over S0
BBIC S; vs 5y: The difference in BIC between models 52 and 51. A positive value =10 indicates a strong preference for 51 over 52
Detection: If model 51 is preferred over all others by ABIC = 10, the criteria are met for a QPP detection

xzs,., Psn: Goodness of fit estimate, and associated p-value for each model n=0,1,2

P(s): Best-fit period, in seconds, of the localized enhancement, where appropriate

width: Best-fit width, in log-f space, of the localized enhancement, where appropriate

Flags: S = short data series (<= 200 data points), B0 = bad fit to model S0 (pgg < 0.01), B1 = bad fit to model 51 (pgq < 0.01), B2 = bad fit to model 52 (pgz < 0.01)

Date (?:f;sEsS ?it;l: E:Il:: Instrument | Wavelength &]::(;150 &3;(;:’" ﬁi(;sz Detection X'so Pso st Ps1 sz Psz | P(s) |width| Flags Sm;f:tary Helioviewer
20161129 MI1.2 232900 | 233958 GOES 1-8A 2.2 5.4 -3.2 No 1.070.35|/0.96 |0.55/0.95|0.56| 8.1 | 0.25 [ PDF show
20161129 MI1.0 171900 | 172558 GOES 1-8A -4.5 -1.6 -2.9 No 0.69|0.870.64|0.91|0.64|0.91 [1 PDF show
20160807 | M1.3 | 143700 | 144758 GOES 1-8A a1 27.9 -22.8 No 1.14]0.25|0.96 | 0.54|0.85 | 0.74|298.9| 0.12 [ PDFE show
20160723 | M5.5 052700 | 053259 GOES 1-8A 5.2 41 1.1 No 0.89|0.61/0.74| 0.8 |0.68|0.86| 6.1 | 0.06 ['S'] PDF show
20160723| M7.6 | 050000 | 052358 GOES 1-8A 33.7 12.8 20.9 Yes 1.170.13|0.98 | 0.54 | 1.09|0.26 | 19.8 | 0.25 I1 PDE show

Trinity College Dublin, The University of Dublin




Large Scale Statistical Study
Inglis et al. 2016 T
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Flux Derivative

These results are freely available for reference by anyone i
and results were publishec

Key

Model S0: A single power-law plus constant model of the PSD
Model S1: A single power-law plus constant, plus a localized enhancement cansistent with a QP
Model S2: A broken-power law plus a constant

BIC: The Bayesian Information Criterion. BIC = -2 Ln(L) + k Ln{n), where L is the likelihood funct ’0_'3\
ABIC Sg vs Sq: The difference in BIC between models S0 and 51. A positive value >10 indicate: -g 16
ABIC Sg vs Sy The difference in BIC between models S0 and S2. A positive value >10 indicater o
BBIC 5; vs 51 The difference in BIC between models 52 and 51. A positive value >10 indicates 3
Detection: If model 51 is preferred over all others by ABIC > 10, the criteria are metfora QPP d ¢
xzs,., Psn: Goodness of fit estimate, and associated p-value for each model n=0,1,2 ~ 64
P(s): Best-fit period, in seconds, of the localized enhancement, where appropriate -S
width: Best-fit width, in log-f space, of the localized enhancement, where appropriate =
Flags: S = short data series (= 200 data points), BO = bad fit to model S0 (pgg <0.01), Bl =bad @
o
256 | 7]
ABIC ¢
Date GOES S.lart ]?nd Instrument | Wavelength S - r
class time time vs S8, :
20161120| M12 | 232900 | 233958 | GOES 1-8A 22 3:22 03:30 03:39 _ 03:47 03:56 04:04 04:13 ]
20161129 M1.0 171900 | 172558 GOES 1-8A -4, Start ime: 2012-03-09 03:22 UT
20160807 | M1.3 | 143700 | 144758 GOES 1-8A //5.1 27.9 -22.8 No 1.14]0.25|0.96 | 0.54|0.85 | 0.74|298.9| 0.12 [ PDF show
201607231 M5.5 | 052700 | 053259 GOES )&{ 5.2 4.1 1.1 No 0.89)|0.61|0.74| 0.8 |0.68|0.86| 6.1 | 0.06 ['s'] PDE show
nnnnnnnn [Rpe— PP R —— p—— T A - “mn e on r «amlanenlonnanlamelcnnlannl cnal anm n JE—— .
~
'20120310| M84 | 171500 | 182959 ﬁﬁ 1-8A 128.3 125.2 3.2 Yes 30700 |28 |00 (271 0.0 | 559 | 0.25 'RE .B%}.] PDE show |
20120309 | M6.3 | 032201 | 041758 | GOES 1-8A 74.9 17.4 57.6 Yes 1.31| 0.0 ' 1.15|0.07|1.27 | 0.0 | 65.8 | 0.14 [,Ez'!]' PDF show
20120307 | X1.3 | 010501 | 012258 | GOES 1-8A 15.8 -0.4 16.2 Yes 1.14/0.21 1.01 |0.46| 1.13 | 0.23| 46.5 | 0.16 Il PDF show

Trinity College Dublin, The University of Dublin



Soft X-ray Pulsations

Where we are at now....

What we know so far
— Soft X-ray pulsations are a common, if not intrinsic feature of solar
flares

— Different characteristics in impulsive and decay phase, probably
related to different mechanisms

— Can last late into decay phase of some solar flares

What needs to be done?
— Large scale multi-wavelenath analysis of QPP with particular attention
of soft X-ray thermal emissions throughout impulsive and decay phases of
flares

— Relate characteristic time scales to some physical parameters:
— Higher altitude of energy release site or related to length of loops?
— Length scales of reconnection?
— Distinguish between impulsive and gradual processes

Trinity College Dublin, The University of Dublin




Pulsations in the lonosphere
Synchronised Pulsations in SXR and the lower ionosphere

— X-rays (A < 1nm)

. xrays<anm () penetrate to D region
g / (~50-90 km)
O M}{ — Induce significant
D %, &4 photoionisation
g manifesting as increase in
s \ electron density

| — Impacts sub-ionospheric
o | communications & GNSS

2012 Encyelopaedia Britannica, Ine.
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Pulsations in the lonosphere
Synchronised Pulsations in SXR and the lower ionosphere
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Pulsations in the lonosphere
Synchronised Pulsations in SXR and the lower ionosphere

IONOSPHERE
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Pulsations in the lonosphere
Synchronised Pulsations in SXR and the lower ionosphere

300

250

200

Y-position [arcsec]

SDO AIA 131.0 Angstrom 2016-07-24 15:19:31

......

ot
"
-------
gut =
R

850 900 950 1000 1050 1100 1150 1200
X-position [arcsec]

Trinity College Dublin, The University of Dublin

105 July Flares GOES 1-8 A, AIA 131 A & Birr VLF
T T T T T T T

(@

GOES 1-8 A

Limb Flaring AR
and integrated
lightcurve AIA 131

106

Flux Wm 2

AIA 131 A

107 107

GOES 1-8 A soft X-
ray flux and VLF
response

0.5
2 Birr VLF
o
= 0.0 Smoothed VLF
-0.5
-1.0
=15

_20 Il 1 Il Il 1 Il Il
11.00 11.30 12.00 12.30 13.00 13.30 14.00 14.30 15.00
Start time: 2016-07-24 11:00

EUV Intensity DNs !



Pulsations in the lonosphere
Synchronised Pulsations in SXR and the lower ionosphere
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Pulsations in the lonosphere
Synchronised Pulsations in SXR and the lower ionosphere
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Pulsations in the lonosphere
Synchronised Pulsations in SXR and the lower ionosphere

VLF Amplitude Pulsations
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CAN L PLUG IN MY THAT LAS MEAN.

EXTENSION CORD ) +
OVER HERE? ! - LISTEN, SOMEBCOY

. HAS To KEEP THE
) e MYTHBUSTERS N
\-'Hf? | . BUSINESS
F.L A LARGE SOLAR FLARE COULD NEXT SEPEON
ARES. DENT THE EARTHS MAGNETIC
FIELD INWARD, THE EARTH'S

SPIN (DD THEN INDUCE A
STRONG CURRENT [N ANY LONG
CONDLCTORS, MELTING THEM
AND STARTING FIRES.

BY EXTENDING YOUR POWER
CORD, YOU COULD KILL US ALL.
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