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Introduction : Trigger of eruption enigma
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- Trigger of eruptions remains a major unresolved problem : (Moraitis et al. 19)

* No consensus on the generation mechanism of solar eruptions
 Large scale (MHD) instability: e.g. kink / torus
« Instability in electric current sheet @ reconnection site

« Stem from the lack of proper knowledge of the exact pre-
eruptlve State Of the magnetlc SyStem Same obs. input, different reasonable reconstruction parameters

« Observation provides limited information : almost only photo. B (Hayashi et al. 18)
* Numerical model idealized & limited by observational input (@Il PF 5 st 4~ M) Blg7205 S\~
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 How are 3D coronal field of eruptive systems modeled?

 (Quasi-) Static models: coronal B extrapolations

« Model the pre-eruptive system from observational dataset as
close as possible from eruption onset

 Dynamic models: data driven/inspired simulations

« Numerically evolve toward eruption, using consistent
boundary forcing, a model obtained from an early, hopefully
more simple, stage of the eruptive system.

RoCMI 2023 Svalbard - E. Pariat

“(d) EO, t=f16kh; rel__a_)icg :

5\ T
=N = o
B - e
W2 =S oﬁ O
SRS —===A M~
7 P

g t‘ ‘.'1‘ '.-:
oA [N




Importance of electric fields / currents

time series of
HMI vector B

- In both approaches, to properly represent the
complexity of the coronal field, it is essential to use the
full photospheric vector B field

= electric field (E) & electric currents (j)
« NLFF vs potential/LFF extrapolations (e.g. Valori et al. 10)

 Simulations data-driven thanks to electric field : e.g.
GCEM model (Hoeksama et al. 20) ; TMF simulation

(Lumme et al. 22) using “"PDFI” method (Kazachenko et al.
14; Fisher et al. 20)

e

time series of
Vp via FLCT

time series of
electric fields

spherical magneto-
frictional (SMF) model
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electric fields
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(Valori et al. 10)
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Modelling of circular ribbon flares
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« Circular ribbons flares are a subgroup of flaring events
(Ugarte-Urra et al. 2007, Masson et al. 09,17, Reid et al. 12, Deng et
al. 13, Yang et al. 2015, Janvier et al. 16, Mitra 21, ...)

« 3 ribbons are observed at ~ the same time | e £ ! (Reid
« 1 main circular ribbon ; 2 . | . | . etal. 12)
» 1 ribbon within the circular one; B Deng
1 ribbon outside further away etal. 13)

- Statistical analysis of 134 circular ribbon flares 5
(Zhang et al. 22) =

(d) 21:23-54

305 (Zhang et al. 22) —820 -800 780 -760

Table 3
Numbers of CFs Associated with RBs, Type 1l Radio Bursts, Jets,
» Minifilament Eruptions, and CMEs
¥ 20f T Activity B-class C-class M-class X-class Total
s .t CF 4 82 40 8 134
E RB I 40 28 7 76
10p type Il 0 36 24 3 63
: jet 1 43 21 4 69
: ™ FE 1 25 18 7 51
CME 0 17 14 6 37
DO 20 40 60 a0 100 120 140 160 180 200

Ter (min}
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Topology and ribbons : the 3D null case

(Pariat et al. 09)
« Standard model: accelerated particles/energy flowing from the
reconnection site. Interaction with lower denser layers = Ribbons formation

are preferential sites for current build-up & reconnection
- = Ribbons are located at the footpoint of the (quasi-) separatrices
originating from the
- = Theoretical distribution of 3D null points ribbons:
1 circular ribbon + 1 inner ribbon inside + 1 outer ribbon
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super hot (hard X-ray) regions
(= 10%K)

isothermal Petschek shock-_, .
: Mach 2 jets

termination shock

I'W.
' post shock flow

_— shock enhanced cooling

(Masson et al. 09)

| “’ condensation inflow . ) ] . _
L UV loops (10° K) : magnetic singularity (B=0)
| Haloops (10°K) - Separatrices (connectivity interface) of a

condensation downflow

« 1 dome-like fan separatrix surface
+ 1 inner spine & 1 outer spine separatrices

nhaotnenhere

; chromospheric RibenS
(Lin & Forbes 02) ~ gownflow RoCMI 2023 Svalbard - E. Pariat



Circular ribbon flare < 3D null topology

« Circular ribbons flares are indeed associated with 3D

coronal null point topologies (e.g. Masson et al. 09, 17, Wang & Liu

12, Deng et al. 13, Janvier et al. 16, Jiang et al. 18, Nayak et al; 19, Liu et al. 20,
Prasad et al. 20, Kumar et al. 22, ...)

« Circular ribbons match well the footprint position of the fan
 However, positions of outer ribbons are frequently not
well recovered by magnetic field models

 Locations of ribbons are usually several tens of Mm from
the predictions of the B field models
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Electric currents (3) at a 3D null

Longcope et al. 05
« The shape & structure of a 3D null depend on
the distribution of the electric currents

» Fan position strongly constrained by
photospheric B distribution

« Null B flux under fan dome
Spine position constrained by j at the null +

large scale B * ol N
 Position of spineis a strong test of the Potential 3D null point (j=0) 3D null point with j # 0 Generic shape of
quallty of the 3D B field coronal model reconnecting 3D null
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Example of a well reconstructed circular ribbon flare

D Mafsson et al. 17: 3D model of a compact circular ribbon flare (S0L2011-10-22-1521)
Strong care of the proper inclusion of the electric current (j,) in the NLFFF extrapolation

3D non-linear force free (NLFF) extrapolation with the magneto-frictional method of Valori et al. 10
» While aiming for FF solution, method is flexible for keeping residual currents in localized regions, e.g. at 3D null point

= 3D model matches the position of the 180
spine ribbons within a few Mms
» Enable to study the eruption dynamics with a high 130

degree of confidence: existence of flux rope under
fan dome, dynamics of late EUV phase, ....
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Présentateur
Commentaires de présentation
The vector magnetogram at 15:00 UT corresponding to AR11324 is included in the patch 976 of the HARP catalogue2. The standard data product of the HARP pipeline as of 25 January 2013 was used. This includes the removal of the ambiguity in the direction of the transverse field, as well as cylindrical equal
area (CEA) projection remapping (see Hoeksema et al. 2014, for more details). The area of interest was extracted from the HARP patch data, the resolution was halved using a flux-conserving coarsening, and a median smoothing with 7-pixel boxcar was applied to all three field components. Since the magneto-frictional
relaxation equations are parabolic in nature, the lower resolution allowed us to obtain a deeper relaxation level in an acceptable running time. The median-smoothing was applied in order to eliminate some of the salt-and-pepper fluctuations, present especially in the area of low field/low signal-to-noise ratio.
Therefore, in order to use vector magnetograms as boundary conditions of NLFFF extrapolation codes, it is advantageous to modify the observations
in such a way that Lorentz forces in the magnetogram are reduced (i.e. preprocessing; e.g. Schrijver et al. 2008). We employ the technique of Fuhrmann et al. (2007), which allows us to fix a limit to the modification of each component separately. In particular, the preprocessing is applied to the horizontal components
only, with a maximum allowed variation of the measured horizontal components corresponding in each pixel to the larger between
100 G and 50% of the local value. These maximal ranges of variation result in an average modification of 52 G (respectively,
61 G) in the Bx (respectively, By) component, and in a decrease of Lorentz forces on the magnetogram from 0:07 before preprocessing to 10􀀀3 after preprocessing, according to the definition used in Metcalf et al. (2008).


Electric current measurements and the 180° ambiguity issue

\! V)5 il

- Estimations and study of vertical electric current density (j,) is becoming a standard by-product of
vector magnetic field measurements (e.g. Janvier et al. 16; Barczynski et al. 20, Artemyev et al. 21)

« Limitation: fundamental 180° ambiguity on measurement of the transverse (to I-o0-s) B component
« Oppositely directed transverse fields (by 180°) produce the very same Zeeman signal

Bobs — Bloseﬂos + C Bt.retr with ambiguity C = =+1

- Estimation of j, strongly dependent on
180° fundamental ambiguity

, (0B, 0B,
J:=C\ 57— =
Ox Ay

_+ Removal of the 180° ambiguity is usually done
thanks to empirical method (model dependent):
 cf. reviews of Metcalf et al. 06, Leka et al. 09

 Less-energetic/ “well-behaved” ambiguity
solution usually preferred ; possibly in
contradiction to pre-eruptive state

onent mA/m* b)
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 For the first time, Solar Orbiter’s PHI instrument (solanki et al. 20)
is providing B measurements away of the Sun-Earth line.

- Observations of the same solar region from both PHI
and Earth’s orbit (e.g. SDO/HMI) can enable the unique
observational removal of the 180° ambiguity.

« Line of sight measurement of one of the spacecraft shall enables

the unambiguous choice on the direction of the transverse field of
the second spacecraft.

 Application to real data may be hardous: instruments do not look
at the same plasma column along line-of-sight.

« Stereoscopic Disambiguation Method (valori et al. 22)

- BB - BA cOs )/
BObS — Blosef_og + § Btret?, -~ los los /

BAsiny
 Proof-of-concept and rigorous test on diverse synthetic dataset
(analytical field, MHD sim. of AR; radiative transfer in quiet sun)
 High accuracy of the method

Stereoscopic Disambiguation Method (SDM)

Rouillard et al. 20
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First observationally disambiguated vector magnetogram

 Application of the SDM method to observed data from HMI/SDO and PHI/SolO
« March 17t 2022, ~3:45 ; separation angle of 27°
« Successful observational disambiguation of the 180° ambiguity (Valori et al. in revision)
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Présentateur
Commentaires de présentation
PHI: The spectropolarimetric observations
were calibrated and the inversion of the Radiative Transfer Equation
(RTE) followed Sinjan et al. (2022). A standard version
of the SO/PHI-HRT pipeline was used for the inversion, and
no additional processing was applied to the data. In particular,
the employed data have not been reconstructed and aberration corrected,
as described by Kahil et al. (2023), see Sect. 6 for
further details

HMI:


Summary

« Electric current density/electric field is a key element for the proper
modeling of the coronal magnetic field.

« Models in which electric currents are carefully inputted are
able to reproduce & explain well multiple eruptive features

* e.g. circular ribbon flare model of Masson et al. 17

« SolO/PHI now enables the observational removal of 180° ambiguity
= First observationally disambiguated vector magnetogram
(Valori et al. in rev) thanks to the Stereoscopic Disambiguation
Method (valori et al. 22)

« Open new possibilities
« observationally benchmark single-view measurement of current
density obtain from usual 180° ambiguity resolution method

* new generation of coronal field models
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