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Quasi-periodic pulsations (QPPs)
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! Time-variations of the 
intensity of light emitted by a 
flare 

! First observed in solar flares 
by Parks & Winckler (1969) 

! Example of QPPs in a solar 
flare: The Seven Sisters Flare, 
observed by Kane et al. 
(1983) 

! Seem to be a fairly common 
feature of flares



Quasi-periodic pulsations
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Two groups of possible 
mechanisms: 

! Magnetohydrodynamic (MHD) 
oscillations … 

	 ..of the flaring structure 
	 ..of a nearby structure 

! Load/unload or ‘magnetic 
dripping’ mechanisms of 
energy release (periodically 
induced reconnection)
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Solar flare QPP statistical study
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! 181 GOES class flares 
from a single (very) active 
region 

! 137 C-class, 38 M-class, 6 
X-class 

! Observations from GOES, 
EVE, Fermi, Vernov, NoRH 

! Do QPP properties relate 
to properties of the flares 
or flaring region?
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Detecting the QPPs
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! Flare time series have 
power-law power 
spectra, due to trends 
and correlated noise 

! Need to account for 
this dependence when 
searching for peaks 

! Eg. Vaughan 2005, 
Inglis et al. 2016, 
Auchère et al. 2016, 
Pugh et al. 2017a
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Detecting the QPPs
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! Example solar flare observed by Nobeyama Radioheliograph 

! Power spectrum confidence levels calculated according to Pugh et al. 
2017a/b 

! Left: Correlation time series of part of a flare 

! Right: Periodogram with a peak above 99% confidence level, at a period 
of ~10 seconds
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The set of flares with significant QPPs
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! Out of 181 flares: 37 with 
periodic signal above 95% 
global confidence level 
(20% of sample) 

! Right: histogram of QPP 
periods, with mean period 
of 20+16-9 seconds 

! Pugh et al. 2017b
10 100

Period (s)

0

2

4

6

8

10

12

N
um

be
r o

f f
la

re
s

10 100
Period (s)

0

2

4

6

8

N
um

be
r o

f f
la

re
s

GOES
ESP + GBM + NoRH + DRGE



The set of flares with significant QPPs
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! Seven of these flares 
have the same QPP 
signal detected 
above the 95% 
confidence level in 
data from two 
different instruments 

! Right: 27 s period 
detected in both 
GOES/XRS and 
EVE/ESP light curves
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Relation to flare properties?
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! QPP periods plotted against flare amplitude, flare duration 
(impulsive phase), and the duration of the QPP signal 

! Period vs flare/QPP duration: can’t detect long-period short-
duration QPP signals, but should be able to detect short-
period long-duration signals
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Relation to flare properties?
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! Extension of Inglis et al. 2016 by Laura Hayes - includes all 
X, M, C class flares 2011-2016 

! They also find no correlation with GOES class 

! and a significant correlation with flare duration



Determining flare ribbon properties
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! Only including flares where the AR was within +/- 60º of disk 
centre, so line of sight effects can be accounted for 

! Follow approach of Toriumi et al. 2017 — combine AIA 
1600Å and HMI data to determine spatial scales and 
magnetic field strength of flare ribbons
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Relation to flare ribbon properties?
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! QPP period correlates with flare ribbon area (left), separation 
distance (middle), and average magnetic field strength (right) 

! Strongest correlation with ribbon separation distance
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Relation to flare ribbon properties?
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! Toriumi et al. 2017 showed that these ribbon properties 
correlate with the flare duration
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difference may indicate that what determines the CME
productivity is the relative structural relation between the
magnetic fields of the flaring region (sheared PIL, flare ribbons,
flare arcades, etc.) and those of the entire AR.

Tendencies similar to those of the areas (Sspot and Sribbon) are
seen for the total magnetic flux (bottom row of Figure 4). The
log-mean values of ∣ ∣F AR for the eruptive and non-eruptive
cases are 3.2×1022 and 6.0×1022 Mx (difference=59%;
significant at 99.5% confidence), respectively, while those of
∣ ∣F ribbon are ´3.8 1021 and 4.1×1021 Mx (6.5%), respec-
tively. And thus the log means of ∣ ∣ ∣ ∣F Fribbon AR are 0.12 and
0.07 (53%), respectively.

The other three parameters, ∣ ∣B AR, ∣ ∣Bribbon , and dribbon, are not
very different between the two cases: the differences are 4.8%,
9.5%, and 7.7%, respectively.

Previous findings of our earlier report (Harra et al. 2016) and
of event studies introduced in Section 1 are confirmed by the
present comprehensive survey: the present work covers all on-
disk flare events over a 6 yr period, including the cycle
maximum without selection bias, and extends the on-disk
sample of Harra et al. (2016), with the GOES peak brightness
reaching down to the M5 level, which is one virtue of this
study.9

In order to find the parameters that control the CME speed,
we made scatter plots of VCME, similar to those in Section 3.2,
but this time also of GOES parameters, τFWHM, τdecay, and
FSXR. The rightmost column of Table 2 summarizes the power-
law indices, α, and their correlation coefficients, CC. The
largest value is CC=0.5 for the ribbon area Sribbon, ribbon flux

∣ ∣F ribbon, and GOES decay time tdecay, which are shown in
Figure 5. Note that for a sample number of 32, any correlation
over 0.45 is significant at 99% confidence. In this study, we
only selected the flares that occurred within 45° from disk
center, which makes the VCME values rather uncertain.
Projection effects due to nonradial motions may also increase
the scatter. However, even with such uncertainties, the results
show significant higher correlation.

4. MAGNETIC PATTERNS OF FLARE ZONES

In flaring ARs, sheared magnetic structures responsible for
the flare productions, such as sheared PILs, are probably
created by the large-scale flux emergence and the (resultant)
relative motions of the sunspots (e.g., Kurokawa 1989).
Besides, the geometrical relationship between the sheared PILs
and the entire AR may determine the characteristics of the flare
events. Therefore, in this section we focus on the creation of
sheared PILs in the entire ARs and investigate the flare
production in different types of ARs. The details of this
characterization are summarized in Figure 6.
The first characterization is the “spot–spot” group, in which

a large, long sheared PIL extends across the entire AR between
the two major polarities or between the two clusters of sunspots
of opposite polarities. Such ARs may naturally harbor large
flare ribbons. Among the 11 ARs (21 events) that belong to this
category (see bottom row of Figure 6), NOAA AR 11429
produced the strongest (X5.4-class) flare so far in this solar
cycle. Based on the numerical simulation of flux emergence,
Takasao et al. (2015) suggested the possibility that AR 11429
was created by the emergence of a tightly twisted, kink-
unstable flux tube (see, e.g., Tanaka 1991; Linton et al. 1996;
Fan et al. 1998). The spot–spot group may also be created by
many episodes of flux emergence.

Figure 3. Scatter plots with strongest correlations (∣ ∣ .CC 0.6). In each panel, a straight line shows the result of a linear fitting to the log–log plots, while power-law
index α and correlation coefficient CC are shown at the bottom right.

9 For example, 20 on-disk flares from all 42 X-class events were used in the
plot for the flare duration versus the spot area in Harra et al. (2016, Figure 5). In
the present work, the sample number of the on-disk events is expanded to 51,
i.e., by a factor of 2.5, which contains the previous 20 flares.
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The Astrophysical Journal, 834:56 (19pp), 2017 January 1 Toriumi et al.

cc = 0.84 cc = 0.53 cc = 0.88



Relation to flare properties?
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! Hayes et al. 2018 (in prep) shows a long-lasting 
QPP signal with an increasing period (~65-164 s) 

! Could be linked to the expansion of the flare 
loop structure



Summary
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! Using a sample of solar flares from a single active region 

! 20% of flares have a periodic signal above the 95% global 
confidence level in the power spectra 

! Correlations between QPP period and flare ribbon properties 

! Preliminary results of Hayes et al. 2018 (in prep) also suggest a 
link between the QPP period and the size of the flaring loop 
structure 

! This could be used as a constraint for QPP models 

! Further work: assessment of potential of observational bias to 
affect QPP period vs flare duration relationship, using simulated 
data


