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( Magnetic energy is
converted into
}mrtic(e energy, heat,
waves, e.m. radiation

_ and motion.

\
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fmjotive Jaﬁenomena:

T[CH’QS are magnet’icaffy

ffares

driven Joﬁenomena that
can involve all the solar
atmogpﬁeric (ayers (and

beyond ...)

Th ﬁey are
characterized by a
violent and suc&m

release of energy, hgf ~
10°° - 103 erg, that
can last for some tens
of minutes or hours
and can involve
emission in the whole
e[ectromagnetic
spectrum.
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fmjotive Joﬁenomena:
ﬁfamem‘ eru}otions and CM‘Es

Filament activation is a CME observed Ey LASCO-C3.
precursor of a}ojoroacﬁing
f[are acm’vity.

Filaments outside ARs can
erupt and give rise to CM‘Es.

CM‘Es: exyu[sion of mass of
the order Zf 104 - 1016 9 with
v ~ 103 km/5s, im/ofving an
energy release of ~ 10?8 -
1032 ery.




What is needed to ]oroafuce
an eru]otive event
. (assuming you got the m’gﬁt star)

‘Magnetic ﬁe(d'

Stressed magnetic ﬁ’e[d (currents) - ‘Magnetic energy storage

T n’gger: Magnetic reconnection - Threshold - Clnstaﬁifity

fﬂé?’gy conversion

Particle acceleration - e.m. emission - bulk }ofasma motions

Coronal mass ejection




Flares:

The Model and the Main Questions

HXR height ~ 6 — 25 Mm

Coronal
emission HXR,
SXR, EUV,
radio

Reconnection

Post-reconnection,
field - shrinking and
relaxing

coronal
flare loops

evaporation \

Chromospheric footpoint UV/optical
emission, fast electrons/ions

Energy

flux Energy

flux
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The main oluestion of df[a’re

}oﬁysics is to understan

How the energy, ]orevious[y
stored in a stressed coronal

magnetic ﬁe[a[ >
> s released so m}oic[[y,

> tmnsyorteof tﬁrougﬁ the
solar atmospﬁere,

> converted into the kinetic
energy of the non-thermal
joarticﬁes and into the
ffare’s radiation output.



Main characteristics @C ‘AR 12192

= Active region (AR) 12192 of 2014 October hosted the (argest
SUnspot group in 25 years.

et appearec{ on the visible solar disc on 17 October 2014. However,
it was a recurrent AR.

«  The total unsigneof magnem’c f[ux of the AR at its max was 2 x
1023 Mx on 27 October 2014.
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Sarkar et al. (2017)

* 1t has been the most prolific flaring site
qf Cycle 24, Being the source cf 29 ‘M-
and 6 X-class flares and only 1 CME

e The X6.1 class flare sets a record in
flare energy for an event without a
CME.
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Thalmann et al. (2016)



AR NOAA 12192 - 22 October 2014

GOES-15 Flux 3s (watt m?)

¢
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GOES Flux on 22 Oct. The 1BI1S instrument at the
NSO/Dunn Solar Telescope (DST) observed at high
spatial and temporal resoztion the inner region of AR
NOAA 12192 during the X1.6 flare SOL2014-10-
22T14:02.



AR NOAA 12192 - 22 October 2014
(the Joﬁotosyﬁeric conﬁgumtion)
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Left: SDO/HMT continuum intensity map of AR 12192, close in time with the peak of
the SOL£2014-10-22T14:02 flare.

The blue contours rgpresent isophotes of the intensity in the SDO/AIA 131 filtergram.
The red contours indicate the RHESST intensity in the 25-50 keV channel.

Right: SDO/AIA 1600 A image showing the flare ribbons.



AR NOAA 12192 - 22 October 2014

SDO/HMI Continuum 22-Oct-2014 14:34:15 UT
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SDO/HM1 continuum intensity map of AR 12192.

Here the red box indicates the field-of-view (FOV) of the 1B1S
instrument. ‘The blue contours represent the RHESST intensity
in the 25-50 ke'V channel.



AR NOAA 12192 - 22 October 2014
(the magnetic ﬁe(af distribution in Joﬁotogoﬁere)

Q SDO HMI_SIDE1 6173 22-Oct-2014 14:22:15.000 UT

Left: SDO/HMT magnetic field map of AR 12192, close in time
with the peak of tﬁe%are.

Right: SDO/AIA 1600 A image showing the flare ribbons.



AR NOAA 12192 - 22 October 2014

SDO/HMI Magnetogram 22-Oct-2014 14:34:15 UT
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SDO/HM1 photospheric magnetic field map of AR 12192.
Note: the 1B1S FoV (indicated by the red box) includes a region
of negative magnetic polarity with some intrusions of positive

yofarity.



X1.6 f[are - 9BIS dataset

Fel6173 A IQUV
IBIS@DST Ho 6563 A 25 | only
Call 8542 A 25 IQUV
= Pixel size 0.09 arcsec
= Spatial resolution max =0.25 arcsec
= Time cadence 50 seconds

= Start observing time 14:29:41 UT
(peak of X1.6 flare at 14:28 UT)

= Reduced data 28 sequences
14:29:41 — 14:54:58 UT



From the com]aarison with A94 m;gos om
(f) AlA94A 14:23:13.120 UT Thalmann et al. (2015), we can establish that

9B1S observed the southern part qf the eastern
ﬁhre ribbon.



ﬂnafysis of Stokes Jorofifes in four cﬁﬁ(erem
[ocations of the ffare

Analysis of the Ca II line spectro-polarimetric
data during the flare evolution to determine the
evolution of the Stokes profiles, which can
provide some information on the presence of
linear polarization (i.e., magnetic field lines in a
direction perpendicular to the LoS) and circular
polarization (magnetic field along the LoS).

We choosed four different locations:

- Flarel.: region showing continuous
brightening during the analyzed time interval

- Flareld: region at the border between a very
bright patch and a dark patch

- Flared: region initially wvery bright, but
becoming dark as time goes;




Comparison of the HMI magnetogram with locations of investigated regions

flarel: at the interface between the negative polarity and the
positive intrusion

flare2: inside the negative polarity surrounded by the positive
intrusion

flared: inside the negative polarity



X1.6f[are -~ QBCIS/Ca 71 8542fuf[5toﬁes

Stokes profiles for region “Flarel”

v' Size of region flare1=0.27"x0.27"=0.07 arcsec?
v At=580s

v' The vertical axis reports the values with respect to I..



X1.6ﬂare - 1B1S/Ca 11 8542fu[[5t0ﬁes

Stokes profiles for region “Flarel”
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Preliminary results obtained from the Weak Field Approximation

The plots show V/I (line), and the WFA fit (dots). The resulting magnetic field is
provided at top right.




From: A Magnetohydrodynamic
Simulation of Magnetic Null-point
Reconnections in NOAA AR 12192,
Initiated with an Extrapolated Non-
force-free Field

A.Prasad et al. 2018 Ap) 860 96
doi:10.3847/1538-4357/aac265

Results from a MHD simulation of
Magnetic Null-point Reconnection

Simulations show the presence of a
null point in the region hosting the
East flare ribbon (i.e., the region
observed by IBIS)



The results of these simulations show

that the region observed by IBIS is rich

of on-going important phenomena:

- presence of a null point located in
the chromosphere

- magnetic reconnection changing the
magnetic connectivity of the field
lines

- no real opening of the magnetic field
lines

(b)
Figure 14 from A. Prasad et al. 2018 Ap) 860 96
doi:10.3847/1538-4357/aac265



IRIS observations

The colored circles

indicate the regions Cadence: 135 s,
where the spectral Spatial resolution: 0.33”
analysis has been

performed
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The spectral analysis shows that during the flare evolution there
are mainly plasma downflows (the line profiles are red-shifted),
but in few cases also upflows take place.

In many cases these motions are indicative of chromospheric
evaporation and chromospheric condensations, which can be
considered signatures of magnetic reconnection taking place.



Conclusions

Clear Stokes 'V signa[s afong the eastern f[are ribbon have been
detected using 1B1S dataset in the Ca 11 line.

The Stokes ’prqﬁ’lés indicate that also at cﬁromogpﬁem’c level
the region is characterized Ey regions with positive magnetic
intrusions inside the mainl:y negative magnetic ﬁ’el'df

The “mixed” yo(cm’ty region seems to be cosyatia( with the
region ﬁosting the nu point singléd' out Ey numerical
simulations.

A preliminary estimate of B, has been determined using the
WFA: these estimates are comyamﬁ[e with previous studies.

The I1RIS spectra show the presence hgf }a[asma motions which
can be inteqareted' as signatures qf C romosyﬁem’c evaporation
and condensation.

1B1S and IRIS dataset analysis, as well as numerical
simulations indicate that, in this event, conditions for CME
occurrence do not hold.
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