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Solar Flares

High Altitude Observatory, Boulder, CO

Energy is stored in the magnetic field
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How do we predict solar flares?

• Use systematic observations of the magnetic field* of the solar disk

• Parameterize magnetic field complexity and measure physical 
quantities involved in flaring activity of active regions (AR)

• Produce large samples of values with the associated flaring activity 
(yes/no, flare class)

• Use statistics (Poisson, Bayesian etc) or machine learning algorithms 
to predict

* Or do the same with continuum/UV/X-ray observations
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Janvier+ 2014

Why currents?

Currents, shear and polarity inversion lines 
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Non-potentiality of magnetic field = currents

Bobra & Couvidat 2015



Non-neutralized currents

Melrose, 1991

Currents may build-up either by photospheric motions or due to current-
carrying emerging flux

Photospheric motions: the net current produced by twist or shear should 
be neutralized (zero net current per polarity)
(Melrose 1991, 1995)

Observations show that currents are non-neutralized
(Leka et al.1996, Semel & Skumanich 1998, Wheatland 2000, Falconer 

2001)
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Parker 1996



Non-neutralized currents

AR’s are “born” with substantial net (non-
neutralized) currents 
(Török+ 2014)

Photospheric motions can produce non-
neutralized currents only in the presence of 
magnetic shear at PIL (Dalmasse+ 2015). 
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Török et al. 2014



Georgoulis, Titov & Mikic, 2012

Non-neutralized currents
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Calculation based on observations

Method:

• Calculation of non-neutralized currents per partition
• Detailed error analysis and strict criteria
• Comparison between 2 AR (a flaring and a non-

flaring one)

Results:

• Non neutralized partitions are adjacent to a PIL.
• AR are current balanced (Iimb < Fimb)
• The quiet AR exhibits 1 order of magnitude lower 

currents.



• Input: photospheric vector magnetogram
• Flux partitioning of Bz (Barnes+2005)
Bz thres = 100 G, Min Flux = 5 1019 Mx, min size = 40 px

• Calculation of (vertical) current for each partition
(Ampére’s law) with corresponding errors.

• Potential field extrapolation (Alissandrakis 1981) and
re-calculate the corresponding current for the

potential field.

• Characterize partition as non-neutralized only if

I > 5Ipot and   Ι > 3 δΙ

Analysis
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Analysis
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Create predictors: 

Total unsigned non-neutralized current

Maximum unsigned non-neutralized current

Test on a statistically significant sample



Data
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SHARP: Space weather HMI Active Region Patches (Bobra+ 2014)



AR time-series
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336 random days from September 2012 to May 2016
All SHARP frames with a 6 h cadence

Representative sample of cycle 24 SHARP data

9454 points

From Guerra+ in prep.

Flare association, i.e. number of C,M,X 
flares within 24 h from GOES catalogues 
(http://www.swpc.noaa.gov/)

Data
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Results: active regions time-series

• More than an order of magnitude 
higher values of non-neutralized 
currents for flare productive active 
regions

• Evolution signifies eruptive phase

• Peaks of non-neutralized currents 
precede or coincide with repeated 
flaring activity  



Results: non-neutralized currents and flaring index

AR time-series
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cc (linear) : 0.87

F.I. = (100 NX + 10 NM + NC +0.1 NB )/Δt



INN,tot – INN,max and Strong polarity inversion lines 
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Example 1: A non-flaring AR
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INN,tot – INN,max and Strong polarity inversion lines 

Example 2: A flaring AR
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INN,tot – INN,max and Strong polarity inversion lines 

Example 3:  A very productive and (in)famous AR, NOAA AR 11158
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M-class flares occurred for

X-class flare occurred for

Exclusive relation between 
non-neutralized currents and 

strong-fragmented MPIL

INN,tot – INN,max and Strong polarity inversion lines 



Correlations with current-
related parameters 
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Non - trivial relationship between
non-neutralized currents

and current-related parameters

Total unsigned vertical current density

Total vertical current per polarity
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Non-neutralized currents as flare 
predictors

Bayesian inference of the flaring probability: 

For a given threshold of a predictor R:

F: Flaring AR with R > Rthres
N: total number of AR with R > Rthres



05/07/2017 HELAS 13, Heraklion 02-06/07/2017 21

Correlation with CME properties – Preliminary results

DONKI data base
LASCO CME database

• NOAA AR
• Events registered on both lists
• Clear source association
• HARP data that contain only one AR
• Avoid highly deformed regions

Gopalswamy+ 2009
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cc: 0.58
y = 632 + 2.9 x (km/s) 

Correlation with CME properties – Preliminary results
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Linear speed threshold at 700 km/s
more “interesting” events

Impulsive CME’s (Sheeley et al. 1999)
Gopalswamy 2016

Correlation with CME properties – Preliminary results
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• INN,tot at flare onset time
• INN,tot peak during preceding 24 h
• INN,tot       average during preceding 24 h

Correlation with CME properties – Preliminary results
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Correlation with CME properties – Preliminary results
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Correlation with CME properties – Preliminary results



Conclusions – future work/in progress

• Exclusive relation between non-neutralized currents and MPIL formation
INN,tot = 0 for AR without strong PILs

• Very good correlation between non-neutralized currents and flaring index
• INN,tot and INN,max produce better flaring probabilities than the total flux.
• INN,tot produces better flaring probabilities than other current-related predictors
• Good correlation with CME properties (speed, acceleration, kinetic energy)

Future

• Ongoing work, involve more predictors!

• Future work: explore evolution of non-neutralized currents, develop more predictors
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Kontogiannis, Georgoulis, Park & Guerra 2017 SoPh submitted
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