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Abstract
• Aim of this research is to find observational evidences of signatures and
precursors of flares of class M and X occurring in solar active regions.
• We compare the results obtained using three different methods.
• The first method studies the magnetic flux evolution and the magnetic
helicity accumulation during a selected time interval relevant to the flare
occurrence.
•The second method takes into account the fractal and multi-fractal
properties of active regions and how these properties are related to flare
occurrence.
• The third approach uses sunspot data derived from the SSD (SOHO/MDIDebrecen Data) sunspot catalogue.
• The analysis has been carried out on five active regions (NOAA 11166,
11283, 11429, 11515 and 11520).

Magnetic flux and magnetic helicity accumulation
• Using HMI LOS magnetograms, we measured the temporal evolution of
the positive, negative, and unsigned magnetic fluxes for the selected
ARs.
• To compute the magnetic helicity flux through the photosphere, we
determined the mean magnetogram corresponding to the average
between two consecutive magnetograms and we measured the
horizontal velocity fields by means of the Differential Afine Velocity
Estimator technique (DAVE; Schuck 2005, 2006), using a full width at half
maximum (FWHM) of the apodizing window of 11 pixels (5”,5) (Schuck
2008). The magnetic helicity flux and the corresponding accumulation of
magnetic helicity H for the selected ARs was estimated using the method
described by Pariat et al. (2005).
• In each plot the time of occurrence of M-class flares (red vertical lines)
and X-class flares (green vertical lines) are reported. When the flare is
associated to a CME, the thickness of the vertical line is enhanced.

Magnetic flux: results

AR 166: the plot indicates an increasing
trend of the magnetic flux during the
selected time interval. The + and –
magnetic flux are quite balanced
(initially + is slightly higher, but after 80
hours the situation is reversed).
AR 283: the – magnetic flux is almost
constant, while + decreases during the
selected time interval. The positive and
negative magnetic fluxes show an
imbalance, with a higher - flux,
increasing in time.

Magnetic flux: results
AR 429: the – flux decreases during the selected
time interval, while the + is almost constant. At the
beginning there is a flux imbalance such that the –
flux is about 1.66 times +, but later on the imbalance
decreases.
AR 515: the - flux is almost constant, while +
increases continuously. Initially - > +, but after t
=70 hours the situation is reversed. Interestingly,
this time coincides with an M-class flare
associated to a CME and with a change in the slope
of the magnetic helicity (see next plots).
AR 520: the - flux decreases continuously, while +
is almost constant. Initially - > +, but at time t = 65
hours, the situation is reversed. Also in this case the
time of reversal corresponds to a flare (X-class)
associated to a CME and to a (greater) change in the
slope of the accumulated magnetic helicity.

Magnetic helicity accumulation: results
AR 166: H is positive and shows a continuous
increase during all the selected time interval; no
change in H after the M-class flare associated to
a CME and similarly after the X-class flare.
To be noted a flattening of the H trend after the
second M-class flare, followed by a new increase
after the occurrence of the third M-class flare.
This AR did not follow the hemispheric helicity
rule.
AR 283: the H general trend is positive and
increases continuously until the last M-class
flare (associated to a CME) takes place, when it
shows a rapid decrease.
The values of H are almost one order of
magnitude lower than for AR 166.
The AR does not follow the hemispheric helicity
rule.

Magnetic helicity accumulation: results
AR 429: very rapid increase of the negative magnetic
helicity until an X-class flare, associated to a CME,
occurs. Later, for almost 50 hours, H remains
approximately constant and, after the occurrence of
an M-class flare associated to a CME, a new,
smoother increase of H accumulation takes place.
This AR did not follow the Hale Law, but it followed the
helicity hemispheric rule.
AR 515: initially, for 12 hours, H remains close to zero
(during the same Δt the magnetic flux remains
constant). Later, H starts to increase (negative) and
shows a phase of flattening after the second M-class
flare associated to a CME; later on it increases again,
without any clear signature of variation after some
M-class flares.
AR 520: H increases very rapidly during the first 10
hours, and later the increase is smoother, until when
a maximum is reached. Then an X-class flare,
associated to a CME, takes place. After this event H
starts to decrease.

Magnetic flux and magnetic helicity accumulation: results



The magnetic flux imbalance and the reversal of sign of the most prominent
magnetic flux seems to be often related to flare/CME occurrence



In some of the ARs analyzed the accumulated magnetic helicity changes its
slope after a flare/CME occurrence, but a general rule cannot be claimed at
time of the current analysis.

Fractal and multi-fractal properties of ARs
Several studies indicate distinct values of the fractal and multifractal
parameters measured on ARs that have hosted flares of different class.
However, these measurements are considered to be rather inefficient
tools for distinguishing ARs on the basis of the flare activity, because of
the large dispersion of values measured on ARs that have produced the
same class of events.
Nevertheless, the distinct values of the parameters measured on ARs
hosting extreme-class flares constitute a tool for outlining the future
evolution of a region just appeared on the solar disk, by narrowing the
class of flares it may host before the occurrence of any events.

Fractal and multi-fractal properties of ARs
• The fractal and multifractal parameters of the selected ARs were
measured on the time series of SDO/HMI Level 1.5 LOS full-disc
magnetograms
• The longitudinal distance of the selected ARs was within ±30◦ of the
central meridian.
• The whole data set consists of 2402 magnetograms, each of 4096 x
4096 pixels, with a pixel size of 0.505 arcsec and cadence of 720 s.
• We computed the generalized fractal dimension D0 and D8, and the
multifractal Contribution Diversity Cdiv and Dimensional Diversity Ddiv on
each image of the analyzed series.
• The flaring level is described by the flare index (FI), computed
assuming the flare history of the region depicted by the NOAA’s GOES
X-ray archive, and by considering the most intense event hosted by the
region (Max FI).

Fractal and multi-fractal properties of ARs : results
Results derived from unsigned flux
data of the analyzed ARs.
Analysis of the series confirms
previous findings by Giorgi et al.
(2014) on the different evolution of
the
fractal
and
multifractal
parameters derived from each
analyzed AR.
They also confirm the different
evolution of the same parameters
when taking into account trailing
and leading flux data in the
analyzed region.

Fractal and multi-fractal properties of ARs : results
The results obtained show
a systematic larger variance
of the values derived from
trailing flux data in the
analyzed AR than obtained
from both unsigned and
leading flux data.
However, the variance of
values derived from each
AR
lacks
distinctive
signatures of the flaring
level of the analyzed region,
as already reported in the
literature.

Fractal and multi-fractal properties of ARs : results

Several flares occur during a
decreasing phase of the Ddiv
and an increasing phase of the
D8 values estimated by
considering unsigned and
signed flux data of the leading
polarity of the AR hemisphere.
However, these features of the
parameter trends were not
found to be a consistent preflare signature in the whole AR
sample and events, confirming
previous
results
in
the
literature.

Fractal and multi-fractal properties of ARs : results
Relation between the average value of
the parameters estimated for each AR
and its FI and Max FI, respectively.
Slightly higher values of fractal D8
parameters, as well as a lower value of
Cdiv, imply a higher flare activity of the
ARs, in terms of its FI that accounts for
the flare size and event frequency (see,
e.g. Giorgi et al. 2014).
However, the signature of the AR
flaring activity in the analyzed
parameters is feeble, and this holds
also when the measured values are
considered with respect to the Max FI.

Fractal and multi-fractal properties of ARs : results

In agreement with previous findings reported in the literature, these derived
values do not allow us distinguishing the X- and M-class flaring ARs of the
analyzed sample.

Pre-flare dynamics of sunspot-groups
In previous studies it was found that a good indicator of the flaring
activity is the inter-spot gradient of the magnetic flux (Korsòs et al.
2014):

A denotes the spot area, d is the distance between the two spots and f
(A) is the mean magnetic flux density expressed as a function of spot
area: Bmean = f(A) = 265·ln(A)+1067 [gauss].
The product f(A) ·A is the measure of flux amount in the spot umbra.
Previous studies indicate that the pre-flare variation of GM starts with a
more or less steep rise until a maximum, followed by a decrease, is
reached until the flare onset.
It was an important common property that the eruption was preceded
by the GM decrease in all the cases analyzed.

Pre-flare dynamics of sunspot-groups
In this study we take into account all spots of a small
subgroup at the inversion line.
A small area is selected in each case, which contains spots
of opposite polarities very close to each other.
• the flux amounts have been computed for all involved spots
• the distance d has been computed between the centroids of
the subgroups of opposite polarities.

Pre-flare dynamics of sunspot-groups: results
AR NOAA 11520
Left column:
-variation of GM,
- variation of the total flux of the
selected subgroup
-variation of the distance of the
centers of weigth of the
subgroups of opposite polarities.
Right column:
- white-light image of the active
region,
-reconstruction of the active
region
from
the
HMIDD
catalogue, indicating the small
selected subgroup to be followed
- magnetogram of the active
region.
LCM: longitudinal distance from
the central meridian

Pre-flare dynamics of sunspot-groups: results
The X1.5 flare of AR NOAA
11166 is preceded by the
mentioned behaviour of
GM, the flare occurs on the
decaying phase after the
maximum.
In AR NOAA 11283 two Xclass and two M-class
flares have been observed.
The pre-flare patterns are
recognizable,
but
the
applicability of the method
may be restricted because
several flares are fed by
the
accumulated
free
energy

Diagrams of ARs NOAA 11166 and 11283

Pre-flare dynamics of sunspot-groups: results
Another diagnostic tool is the relationship between the
values of the maxima and the S intensities of the flares after
them:
Sflare = a · GMmax + b
where a = 2.7 · 10−11 ± 0.4 · 10−11(watts/m2)/(Wb/m)
and b = 3.4 · 10−5 ± 0.7 · 10−5 watts/m2

This is the equation of a linear regression line obtained on a
statistical sample of 57 cases observed using SOHO/MDI
data.
This equation describes the relationship between the
accumulated free energy, represented by GM as a proxy
measure, and the released energy represented by the
GOES-class as another proxy measure.

Pre-flare dynamics of sunspot-groups: results

Pre-flare dynamics of sunspot-groups: results
• The ratios of predicted/observed intensities show a large scatter, their
average is 1.02 so the regression line seems to be a good approximation
but the standard deviation of these ratios from the average is 0.49.
• Two thirds of the time differences between GM maxima and flare onsets
are within 10 hours, this was also a predominant time interval in Korsòs
et al. (2014).
• The performance of this approach may be improved. Further
development is in progress to extend the forecast for the cases of
multiple flares by following the free energy vs. released energy budget of
the active region.
• The forecast of the onset time can also be precised by examining the
possible signatures in the variations of the distance of polarities and the
flux amount.

Conclusions
Our results can be summarized as follows:


The magnetic flux imbalance and the reversal of sign of the most prominent
magnetic flux seems to be often related to flare/CME occurrence



In some of the ARs analyzed the accumulated magnetic helicity changes its
slope after a flare/CME occurrence, but a general rule cannot be claimed at time
of the current analysis.



The measured values of fractal and multi fractal parameters do not allow us to
discern the ARs depending on their flaring level, if measurement uncertainties
are taken into account.



The pre-flare variation of GM starts with a more or less steep rise until a
maximum, followed by a decrease, is reached. Later the flare onset is observed.



It is important to extend this forecast method for the cases of multiple flares.
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