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Efficiency of flares & eruptions forecasting

(Crown et al. 12)
SUuccEss RATES AND SKILL SCORES FOR THE SAMPLE

 Multiplication of daily forecasts PARAMETERS
centers and methods: MET Success ~ Heidke  Climatological
Office, SVVPC, S| DC, - Parameter Rate Skill Score Skill Score
No Flare....... 0.908 0.000 0.000
Do 0.922 0.153 0.197
. : Eoeeaeo ... 0916 0.081 0.231
[ ] [4
Barnes et al . 2016: Comparls_'on R 0.922 0.144 0.242
of a large number of forecasting B, ................ 0.913 0.072 0.220
methods with a common
dataset: Table 4. Performance on All Data with Reference Forecast
= “[. . .], none of the methods Parameter/ Statistical ~ C1.04, 24hr  M1.04, 12hr  M5.0+, 12hr
aChleveS a partl CUIarly hlg h Method Method ApSS BSS ApSS BSS ApSS BSS
) ) Beg Bayesian 0.12 006 000 003 000 002
skill score. [...].Thus there is ASAP Machine 0.25 030 001 -0.01 000 -0.84
C 0 n S i d erab I e ro O m fo r BBSO Machine 0.08 0.10 0.03 0.06 0.00 -0.01
) ] W Lsco Curve fitting N/A  N/A 004 006 000 0.02
improvement in flare NWRA MAC 22VAR ~ NPDA 0.24 032 004 013 000 0.06
: ” log(R) NPDA 0.17 022 001 010 0.02 0.04
forecastin g. GCD NPDA 0.02 007 000 003 000 0.02
NWRA MCT 2-VAR NPDA 0.23 028 005 014 0.00 0.06
SMART?2 CCNN 0.24 -0.12 001 -431 000 -11.2
Event Statistics, 10 prior Bayesian 0.13 0.04 0.01 010 0.01 0.00
Meclntosh Poisson 0.15 0.07 000 -006 N/A N/A

(Barnes et al 16)
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Flares & eruptions forecasting approach

 Prediction are not based on determinist approach but on an empirical one:
« Correlations between:

» Characteristics of an active region: Mclntosh class, Mt Wilson magnetic class,
PIL length, magnetic properties, ...

» Observed probability for a region with a given characteristic to flare
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Flaring/eruptivity criterion

TABLE | (Leka & Barnes 07)

ParAMETERS USED IN THE DISCRIMINANT ANALYSIS

Single criteria alone always
gives very poor prediction

Median of the granulation CONrast ... s = median(AT) 5
— Combination of several

Distribution of Magnetic Fields

Moments of vertical magnetic fiel B.=B-e. M(B:)

= = = = d Total unsigned flux......ccoocvciini Py = > |B.| d- [
C rlte rl O n I m p rOVeS p red ICtI O n . Al;:‘ul::?:i?lflc :);!‘:hc net flux.......... \fli:‘a\ :Z\:lzt‘f? ;‘17\ \fl““:\
Moments of horizontal magnetic field . By = (37 + B?_}‘ - M(By)

Distribution of Inclination Angle

Moments of inclination angle.. .. ... i v = tan ' (B./Bj) M)

Distribution of the Magnitude of the Horizontal Gradients of the Magnetic Ficlds

9 P r e d I Ct I O n C r I ter I O n ar e Moments of total field gradients ...... oo e |V,B| = (9B dx)* + (UB;‘(']_\‘)Z] 1”2 M(|V,B))

[V4B:| = (3B /) + (9B. /)] : M(|V3B:))
[V3.By| = (DB, /dxY + (OB, /)] M(|ViBy )

Moments of vertical field gradients

only based on necessary

Distribution of Vertical Current Density

C O n d I t I O n S fo r e r u t I O n Moments of vertical current density J. = C(OB,/dx — DB, /dy) MUT)
Total unsigned vertical current .. hor = X |k|dA kot
Absolute value of the net vertical curren [Toet] = [>T dA| | Faet|

b d h Sum of absolute value of net currents in each polarity 1%,
- e . g . aS e O n t e e n e rgy Moments of vertical heterogeneity current density™ M(JTD)
Total unsigned vertical heterogeneity current .... !‘ﬁ;‘ = Z-.I_,J“d.‘l I;”.'ﬂ

b u i |d B u p Of aCtiVe reg i O n Absolute value of net vertical heterogeneity Lurrem Ih| = |k da .

Distribution of Twist Parameter

o =CJ/B. M(a)
B=asVxB o]

Moments of twist pammctcr"
Best-fit force-free twist peu":n'neter1

Distribution of Current Helicity

No clear physical criterion e o T
of sufficient conditions for

Absolute value of net current helicit; HM™ | = |3 h.dd| o

Distribution of Shear Angles

e r u p t I O n t r I g g er Moments of 3D shear anglcd....... W = cos '(B? - B°/B’B°) M)
Area with shear >0, ¥ = 45°, 80° Al > W) =3y g, dA A(V > 45°), AT > 80%)
Moments of neutral line shear angle Wy = cos™ ' (BYy « BY, /B By, ) M(Wyp)
Length of neutral line with shear =W, LWy = W) = E‘M > dL L(Wny > 45%), LDy > 80%)
Moments of horizontal shear angle® ¥ = cos” (B} + B{/B) B}) M)
Area with horizontal shear =1/, ... A(p =) = Z!-,.!-‘ dA A@p > 45%), A(xp > 80%)

Distribution of Photospheric Excess Magnetic Energy Density

Moments of photospheric excess magnetic energy density “............cco.... pe = (B — B®)/87 M(pe)
Total photospheric excess MAZNEHC ENETEY w.uveerereeeirerireesieciriesse e E. =% p.dA E,
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Eruptivity prediction & numerical modeling

Search for eruptivity criterion

is almost exclusively based on H n n E E
observational datasets ...

... and barely benefits from sl OTV T A
p—— [ —{ 1 |
the recent tremendous T ©5 B § < § © § ¢ § f
I i i - (62 & ¢ ¢ O
|mpr0\_/ements in numerical a4, o
modeling . BOp— 000 O 0
/ o | S6 0 e O
Useful numerical models must o |
. 40p—T—TT0—1TK> 0 1 {
present several cases either = OF v
o d (ap]
eruptive or stable, ideally i oo oo
— > 2 cases 20p——O0——O0—00 & 0 O
— depending on few number of I 56 O b
parameters -
T Tt i, 1]
1 ] | I I I 1 ] | I I I 1 ] | I I I 1 1 ] | I

; . 0 50 100 150 200 250 300 350
Kusano et al. 2012: parametric (Kusano et al, 12) @, (degree) g7

. . _ n
analysis based on relative Ex 0.5 1.0 1.5 2.0 25(x10?)
orientation of large scale sheared |
polarity and small scale




Motivations & Methodology

 Goal: use flux emergence simulations to 00k [
for efficient eruptivity criterion

— Leake et al. 2013 and Leake et al. 2014:
« 7 flux emergence simulations

« 3D visco-resistive MHD eq. solved with
Lagrangian-remap code (Arber et al. 2001)

* |lead to eruptive and non-eruptive cases
« varying only an unique initial parameter

Time=40.0012
|

* Methodology: - extract part of the magnetic field,
— compute different physical quantities, Vot

- - . i‘00.0
— search for the ones that discriminates between foo0
the eruptive and non-eruptive case Qo0

|

« Guennou et al. 17: 2D photospheric magqg. field
— similarly to observed data i
— 99 physical quantities studied.

 This talk: 3D coronal magnetic field B(z>0)
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Parametric flux emergence simulations

FR (Leakeetal. 14) | ¢ Twisted FR emerge in coronal arcade field

« Emerging twisted flux rope: identical in all
cases
« Overlying arcade field: 1 param. =» 7 cases

— Signed strength, Bd, of the surrounding arcade
magnetic field

—
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Parametric flux emergence simulations

FR

Pressure
L]

(Leake et al. 14)

Temperature

Plasma beta - Weak Dipole
Plasma beta - Medium Dipole

Plasma beta - Strong Dipole
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Twisted FR emerge in coronal arcade field

Emerging twisted flux rope: identical in all
cases
Overlying arcade field: 1 param. =» 7 cases

— Signed strength, Bd, of the surrounding arcade
magnetic field

— Bd=0: no surrounding field
« - stable flux rope in the corona
* No eruption

— Bd>0: same orientation of arcade field and
azimuthal part of emerging field: interaction of //
fields

« - formation of stable flux rope
* No eruption



10°

Variable/Variable,

=

Parametric flux emergence simulations

FR

Pressure
L]

(Leake et al. 14)

Temperature

Plasma beta - Weak Dipole
Plasma beta - Medium Dipole

Plasma beta - Strong Dipole

Twisted FR emerge in coronal arcade field

Emerging twisted flux rope: identical in all
cases
Overlying arcade field: 1 param. =» 7 cases

— Signed strength, Bd, of the surrounding arcade
magnetic field

— Bd=0: no surrounding field
« - stable flux rope in the corona
* No eruption
— Bd>0: same orientation of arcade field and

Time=40.0012

|
Pseudocolor
Var:

74(S))
00.0

azimuthal part of emerging field: interaction of //
fields

« - formation of stable flux rope
* No eruption

— Bd<0: opposite orientation of arcade field and
azimuthal part of emerging field: interaction of anti-
/[ fields
» - reconnection and formation of unstable flux
rope
» Eruptive behavior



Search for eruptivity criterion

« Emerging twisted flux rope: identical in all cases
« Overlying arcade field: 1 parameter = 7 cases

non-eruptive sim. in post-eruptive phase

15/06/17 - FEW 2017 - E. Pariat

Label No Erupt SD  No Erupt MD  No Erupt WD No Erupt ND  Erupt WD Erupt MD  Erupt SD
By 10 7.5 5 0 -5 -7.5 ~10
Dipole Strength Strong Medium Weak Null Weak Medium Strong
Eruption No No No No Yes Yes Yes
Eruptive simulations: onset att ~ 120 t,
Non-eruptive simulation stable > 400 t, i - i
- MD [ | 'l_; -
150 : ‘ (Leake et al. 14) =
Goal: search for eruptivity indicators - 3 :!-*1_.,@ |
from 3D coronal magnetic datacube - Internal 1 .
. ] ) 100 — reconnection i, gme s pran Ry
Good eruptivity criterion should: - ¥ L -
— Discriminate eruptive and non-eruptive = | .': **ND ]
sim. during pre-eruptive phase EL 50 |- ;; ‘ ]
— Reach its highest value = [ 3 i
« for eruptive simulation only, i ]
« during the pre-eruptive phase only. 0 Twisting of field -
- H H I O T I I 01 8 1§ 8§ I | T A | I Y T 1 |
— Present similar trend for eruptive and 0 100 2001t 200

400

12
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Magnetic fluxes

(Pariat et al. 17)

. :._.._--_-;-_-'.".':':'.".".'L'.".".'Z'I'."."_';'i « Reference magnetic flux depends on the

. emm ] arcade field strength

« Injected flux by emerging flux rope is
roughly identical for all 7 simulations

200

10Q ~v= o L70 meeaa Erupt SD
50 ———— = No Erupt MD |
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No Erupt ND
0
0 50 100 150 200

e ')‘-lﬂﬂ:’ﬂmlﬂlﬂ!m'ﬂ'.'uﬂ'\ul

120
100
80
60 #
:? ----- Erupt SD
40 [
H
[
20 1: — - = No Erupt MD_|
.1 --------- No Erupt SD
Fl No Erupt ND |
(O I,
0 50 100 150 15/06799 - FEW 2017 - E. Pariat

Tirmao



Magnetic fluxes

(Pariat et al. 17)

o l,ﬁ,‘”‘lh’u'u’ﬁhlﬂlﬂfﬂ'ﬂ'.'ﬂﬂ'\ﬂl
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5 ----- Erupt SD
40 J
:'! 1044
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)y No EuptND |
0-—_-“"( e o Erup! | w 043
0 50 100 150 200
Time
1042
Limits of the model: eruptivity 1041
criterion valid given a roughly
constant injected magnetic flux. 1040

=» determining why active
regions with a given magnetic 139

flux erupt and others do not.
1038

(Labonté et al. 07)

* Reference magnetic flux depends on the
arcade field strength

* Injected flux by emerging flux rope is
roughly identical for all 7 simulations

B _|_ 345 non-X-flaring ARs
(X 48 X-flaring ARs

Magnetic flux (I)
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Helicity flux over 6 days ( Mx?)
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Total and potential magnetic energy
Emag =E pot T Efrc-?c-? + K

» Eruptive simulation have a lower injection of total magnetic energy and potential
magnetic energy.

 Both total and potential magnetic energies are not good indictors of the
eruptivity of the system

600 - \-d
- (Pariat et al. 17) e T
500 £ e =
B o:““" - J
- : & — 3 150
5 400 & e Sl =
wr : P cald " ] =
] C £ . g Em I
g 300 - f} TTee-allH 0 uwho100
L C : q ’g_
Il F ; ] L
LIJE 200 ; é """ Erupt SD é ;: ----- Erupt SD
F ¢ ] 50 | ;'
: ] : | J
100 - h ———— = No Erupt MDJ | § === No Erupt MD
B 5 e No Erupt SD 7 } """"" No Erupt SD
B 5 No Erupt ND J 0 f No Erupt ND
0 bo .ts L L | . = e o o _ _
0 50 100 150 20 0 50 100 150 200
Time Time
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Efree

Free magnetic energy
Emag =E pot T E free T E,;.

* Free energy is slightly

400 (Pariatetal. 17) PRt higher for eruptive

: e ; simulation in the pre-

- PR g eruption phase.
300 et ~

-« However highest value of

- ] Eiee are re_:acheq by non-
200 R TR eruptive simulations.

- :3, .

] ' 1+ Free magnetic energy is
100 ¥ . t SR

: § —vemerim No Ertipt MD | not a good indicator o

- fF - No Erupt SD 1 the eruptivity state of

i F 4 No Erupt ND - the system

()~ S— ! | — L ]
0 50 100 150 200
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Free magnetic energy ratio
Enmg =E pot T E free T E,;.

1o — T T T T i B T T . _ig hi i
- (Pariat et al. 17) . E_ﬁee/E,,n_J IS higher for eru_pt|ve
I ] simulation vs. non eruptive
08 - | in the pre-eruption phase
i with marginally the highest
I values
_ 06
‘*L”@ - 1+ Ratio of free magnetic
L 04; ] energy to injected energy
L meeaa EruptSD - may be a proxy of
I ] eruptivity of the system
0.2 .
L - = No Erupt MD
- mimimimim No EruptSD . ® However, Efree/Einj nOt
ool . . ., T Nebmumb, strongly discriminative:
maximum value for
0 50 100 150 200

eruptive flare are only
marginally above non-
eruptive ones.

Time

15/06/17 - FEW 2017 - E. Pariat 18
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Relative magnetic helicity

 Magnetic helicity of MHD plasmas (Elsasser 1956) H = f A-BdvV
— unique signed scalar value for volume considered YV

— magnetic flux weighted Gauss Linking Number of pairs of magnetic field lines
(Moffatt 1968) . signed level of entanglement & twist of field lines

— Useful quantity for natural plasmas: Relative Magnetic Helicity: helicity of a
studied field relative to a reference field (Berger 1984, Finn & Antonsen 1985).

Hq;:f(A+Ap)-(B—Bp) dV
VvV

with boundary condition : (Bp . dS) |(ij = (B ’ dS) |6fV

— Gauge invariant provided that studied and reference fields share the same
magnetic-flux distribution on the whole boundary.

Studied pp— Reference
field

(usually
_ potential

15/06/17 - FEW 2017 - E. Pariat 20



Magnetic helicity properties

* Magnetic helicity is an ideal MHD invariant. For
ELB: no dissipation = magnetic helicity is
conserved (Woltjer 1958).

Time variations Surface Flux
dHom = f Ax% -dS—Zf (ExA)-dS—Z[E-B dV
dt &V ot &V J
« Taylor 1974: hypothesis helicity conservation true U NS -
y yp y | <

even in non-ideal MHD
— Pariat et al. 16 : verified for a solar like active event

« Magnetic helicity bounds the system E distribution:
,u[.E(kJ > kH(k) (Frisch et al. 1975)

(Torok et al. 05)

o

* Inverse helicity cascade: Helicity goes from small to :
large spatial scales. (Frisch et al. 1975, Alexakis et al. 2006) ] S

— e.g. kink instability (Malanushenko et al. 2009)

* Impact on dynamic of magnetic reconnection:
e.g. Linton et al. 2001, Del Soro et al. 2010

15/06/17 - FEW 2017 - E. Pariat

‘| (Malanushenko et al. 09)




Relative Magnetic Helicity Estimations

The computation of relative magnetic helicity is not straightforward:

— Computation of reference field must be done imposing boundary
conditions on the whole domain boundary.

— Many previous methods assumed semi-infinite volumes while all existing
datasets are bounded volumes: could lead to incorrect results (valori et al. 2011,
2012), error in intensity, even in sign!

Several methods recently develoned on 3D cuboid system (valori et al. 2016)
— Using Coulomb gauge: V-A=0
Thalmann et al. 2011, Rudenko & Myshyakov 2011, Yang et al. 2013
» Simpler theoretical formulation
» Harder to implement numerically
— Using DeVore gauge (DeVore et al. 2000) : A; =0
Valori, Démoulin & Pariat 2012, Moraitis et al. 2014
» More complex theoretical formulation
» Simpler to implement numerically: more precise

New method to compute relative magnetic helicity in spherical wedge

domains. (Moraitis et al. in prep.)
15/06/17 - FEW 2017 - E. Pariat
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Relative magnetic helicity estimations

Benchmarking of these methods performed by ISSI 00551 )
team on "Helicity estimations in models and ool ;:::::::::;ggsigmgj:
observations®: Valori et al. 2016 iR Dok | B
- . _ 3 = = =E] DeVore GV ,
Numerous tests: sensibility to resolution, twist, 0.045F *
solenoidality using various types of data. * 5
. 0.040F
— Force free fields (Low & Lou 1990) *., j»*
— Stable flux rope (Titov & Démoulin 1999, data fromT. T6rok) ooash B *‘“Eml
— Flux emergence simulations (Leake et al. 2013, 2014)
. 0.030 L
Methods perform very consistently when B 0.1% 19 10%
sufficiently solenoidal Fan
y (Valori et al. 16)
0.3 0.3 v
dmiinn L) goulombSY
o) R W Couomo T
e 22222 Devore kW
o2k o o2k & - = =El DeVore GV
o"a
(“68\! o
f:
0.1 ;'! 01F :
0’ “.gym'”'”'
£ .
!( Bt
(@) MHD stable 9‘9‘ (b) MHD unstable
0.0 2 L 0.0 L= ] L
40 80 120 160 200 40 80 120 160 20C
Time Time
15/06/17 - FEW 2017 - E. Pariat 23



Relative magnetic helicity evolution

(Pariat et al. 17)

(e Euptso .7« Unlike with magnetic
1 5%10° - e flux & free energy,

- Rt ] helicity discriminates

e = No Erupt MD R

[ No Erupt SD P | strongly the cases

. No Erupt ND Rard . — Total helicity depends

« on dipole strength
» on dipole orientation

« The surrounding
(potential) field influences
the helicity content!

« Magnetic helicity is a
non-local quantity!

 Unlike what is commonly believed/expected, large total helicity is not a
sufficient condition of eruptivity.

15/06/17 - FEW 2017 - E. Pariat 24
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Relative magnetic helicity decomposition

=
|

Hj + 2Hpj with

f(A—Ap)-(B—Bp)de
%

g
I

Hy = LAP-(B—Bp)d’V

 Berger et al. 2003 : relative magnetic helicity can be decomposed in 2 quantities:
— H; = magnetic helicity of the current-carrying/non-potential field B,
— H,; = intra-helicity between potential and current carrying fields

* H,,H &Hj;are all gauge invariant.

« Remark for the heli-aware: Hj, & Hpj are different from the “self” and “mutual” helicities



=

I

Helicity decomposition evolution

12x10" ~=---- Ewpts0
‘‘‘‘‘‘‘‘‘‘ | HV = H] + 2Hpj With
1.0x10° ==~ - No Erupt WD T e ]
--------- No Erugt SD _v“"‘ “4""““ | HJ = f (A - Ap) : (B - Bp) d(V
8.0x10° No Erupt ND & "‘,/' . vV
6.0x10° Hpj = f Ap (B - Bp) dv
(V
3 - - - -
#0x10 « Total helicity is overall dominated by 2H,,
2.0x10° |
0 — A ~* 2H, has same properties than total
0 50 100 150 200 helicity = not a good eruptivity proxy
5000 ~~--- Erupt SD |
* H, behaves similarly to Eg.,
O L NoEnmsn — higher for the eruptive
No Erupt ND c . c .
000 (pariat pt 17 simulations in the pre-eruptive
. | (Pariat et al. 17) phase
2000 — however higest values reached by
/ | non-eruptive simulations
1000 | N e | : .
| ; - * Hjis notagood eruptivity proxy.
L —— T R
0 50 100 150

15/06/%90- FEW 2017 - E. Pariat
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[Hi|/|H,/| : excellent eruptivity indicators

(Pariat et al. 17)

----- Erupt SD

——— - No Erupt MD |

......... No Erupt SD

No Erupt ND |

100
Time

15/06/17 - FEW 2017 - E. Pariat

I(A—Ap)-(B—Bp)d(V
I‘V

= pr-(B—Bp)dW
v

|H;|/[Hy| appears as an

excellent eruptivity
predictor of these sims.
— Highest value for the

eruptive simulations in
the pre-eruptive phase

— Eruptive and non-
eruptive simulations
have similar values in
post-eruption phase

|H;l/|Hy| is also sensitive to
dipole strength which fits
with promptness to erupt

28
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More evidences : other flux emerg simulations

Moraitis et al. 2014: analyze of the
helicity content of 2 flux emergence
simulations (not directly comparable) :

— Non-eruptive (e.g. Archontis et al. 2004)
— Multi-eruptive (e.g Archontis et al. 2014)

Multi-eruptive case:

— Systematic high
values of [H;|/|H]
some time before
the eruptions
onset.

— |H|//[Hy| decreases &
after eruptions

flux

H

Non-eruptive case:
constant and -
relatively lower F
values of [H;|/[H,|

® 0.3f

3 E_ in units of 10" Mx _E
2f
1F -
Ot ]
155_ in units of 107 Mx® _é
10}
5F E
(1] = 3
1§: in units of 10% Mx’:
6F E
AF E
2F E
0__ -
g;: in units of 10% Mx® :;
4F .
2F 3
1] E

0.4F

0.2}

0.1E

eruptive simulation

t[h]
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flux

Hy 2Hy

[H/H,|

“—NWL0T NPEOXDO

0.4F
0.3F

0.2F
0.1k

non-eruptive simulation

(Moraltls et aI 14)
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in units of 10" Mx

L irramits of 10° Mx® ]

frranits of 10% Mx®

/ﬂm!

4 6 8
t[h]

(Figure by K. Moraitis)
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Magnetic Helicity

|H;1/1H,|

More evidences: jet simulation

1400 oy
1200:
1000

800

600

400 :

200

0-

1.2

1.0 ) .

: « Coronal jet simulations: Pariat et al 09, 15
ok “ + Helicity initially dominated by H,; but H
0.6 : become dominant after t~500
0.4 - » Very high value of [Hj|/|[H,| at jet onset.

i K — Remark: system “over” eruptive due to
0.2 - . topological constraints
000 . - N ~* [Hj/[Hy| returns to low value once the

0 200 400 600 800 1000 system has relaxed.

(Linan et al. in prep.) Time
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Further evidences :
torus-instability triggered eruptive simulations

Zuccarello et al. 2015: parametric eruptive simulations

4 different line-tied boundary driving patterns with different: shear around the PIL
magnetic flux dispersion + 1 non-eruptive control case (diffusion)

Precise determination of the onset time, t,;, thanks to numerous relaxation
runs initiated at regular stage of the simulations

(Aulanier et al. 10,
Zuccarello et al. 16)
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Further evidences :

torus-instability triggered eruptive simulations

Computation of several
guantities at the sim.

respective t : Zuccarello

erupt -
et al. to be submitted.

Despites different
boundary drivers and

terupe: EFUPtiONS are

triggered when [H;|/[H,|
reaches the same value:

— <4% dispersion

— within measurement

precision of helicity

All other quantities have =

dispertions of values

above 8 % at to ,

including torus instability

criteria
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0.6 .
Normalized Free E:nergy
0.5p :
‘o‘::'é‘..;s,
0.4} N WY
—_ AR -,
= e o',
I K% SN,
- \'I
= 03p» < 4.
ui
021 T
0.1f :
(Zuccarello et al. ths)
00 'l 'l 'l 'l 'l
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Conclusions ,
(Labonte gt .al.' 07)

1044 T T T T T

(too) Rare attempts to use parametric
numerical simulation to study eruptivity
proxy of solar active events.

I tllllll

1043
+ 345 non-X-flaring ARs

1042 X 48 X-flaring ARs

Flux and energy-based quantities are

Helicity flux over 6 days ( Mx?)
o
=

poor discriminant and poor eruptivity. 100 P ]
proxies in these models 1039 i I Magnetic -
i = flux (Mx) 7
108 T TR
Magnetic helicity based quantities 1020 1021 1022 1023
allow to easily discriminate between (- S S e e s v
the different parametric simulations oL 1
i :l: —— = No Erupt MD |
- - . :: --------- No Erupt SD -
The ratio |Hj|/|Hv| is an excellent oo o EreptiR
indicator of the eruptivity state in T 0
several numerical models z
— 4 different magnetic systems 2 N .
— 3 different MHD numerical codes L T
I A iﬁ:.....":.-ﬁ:.r,m‘
0 e ]
50 100 (Pariat et al. 17)
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Relative magnetic helicity evolution

« Helicity of the stable
cases is larger than the
eruptive cases !

‘ - EruptSD‘
4 0 . .
1.5x10° * Helicity increases with
| vimeiim No Erupt MD arcade strength for non-
P - i eruptive cases

 Helicity decreases with
arcade strength for
eruptive cases
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Eruptive cases: FR & arcade have opposite orientation:
increases

ULt = No Erupt MD

----- Erupt SD

--------- No Erupt SD
No Erupt ND

Time
Non-eruptive cases: FR & arcade have same orientation : H= £

With increasing dipole strength

Qualitatively & quantitative match
« Hincreases for stable cases
« Hdecreases for unstqp}&m_

Self and Mutual

W

x

KY

nelicity

* Helicity decomposition in

and helicity of
flux rope and arcade
H= + +

= H(No Erupt ND)
a D2

=0

a (Dfr (Darc ;

— sign depends on
relative orientation

H= -

FEW 2017 - E. Pariat
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Self and Mutual

- - _-----------------------
- - -

i

-

Ratio H,

/H

D,No Erupt SD "f D,No Erupt MD

D,No Erupt MD D,No Erupt WD |

nelicity
* Helicity decomposition in
and helicity of

flux rope and arcade

H= + +
= H(No Erupt ND)
a D2
=0
o (Dfr (Darc )

— sign depends on
relative orientation

100 150

50

Time
Very good quantitative match of this toy model

Computation of HD:

200

Hp = Hy — Hy No Erupt ND ~ £LD 4,

Toy model predict that ratio of HD shall be equal to magnetic flux ratios

Good fit with expected values: @, yip / Piiwp=1.5& ©

| @, o= 1.33

arcini, SD

Problem: here self and mutual helicity can only be roughly estimated because
we have a parametric dataset.;Not;the,case with.real data.



