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Rationale

> Understanding the dynamical structure and
evolution of the solar corona requires a
quantitativesunderstanding ofitne coronal
igagneticiield andytsicuryents:

N ovilinearaorcesfreeyielo SAINBEREES), providesd
useful model. The magnetic fieldisidetermined

inside a computational volume; subject.to
(VX' B)'x: B=050rJ=0o B:

> The scalar o is invariant along fieldlines of B.

> In general, « varies spatially, making the
problem of solving for B nonlinear.




Algorithms

> Three popular algorithms:

> Optimization [minimize a metric containing (V
x B)x BandV - B |

G rrenielduteratordinitalizesrieldapply
currents based on surface o, recompute field,
iterate..., stop when a fixed pointis
(hopefully) reached]

> Magneto-frictional [solve a MHD-like system of
equations, including an ad-hoc friction term
that drives the system toward a force-free
state]




Previously...

> We performed 14 extrapolations for each of two
Hinode/SOT-SP vector magnetogram scans
bracketing the X flare that occurred on
13 Dec 2006 in AR 10930.
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Hinode/XRT overlay - preflare

fieldlines contained within a 320%x320x128-pixel volume 2006.12.12 2030




Volume renderings of current density

pre-flare post-flare

difference in free energy = 3 x 1032 erg

isosurface of |J| shown in red
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Free energies for AR 10930

Model pre-flare E/E

Wh,, 1.32
/ Wh-,, 1.10
_ Wie,, 1.09

Val 1.10
Who 1.04
Wie, . 1.04
Val,, 0.88
Wie 0.95
Wie 1.05
McT 1.01
Who 1.03
Wh- 1.04
Wh- 1.05
McT,, 0.95
-1 32 Potential 1.00

pot

pre-flare

np

isosurface of |J| shown in red
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Free energies for AR 10930

Model pre-flare E/E
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Table of metrics for AR 10930

MeTrics FOR THE FIELD EXTRAPOLATIONS, IN ORDER OF QuaLity O Basep oN THE VisuaL CorRReSPONDENCE TO THE CORONAL PREFLARE IMAGE

PrerLare: 2006 Dec. 12 PostrrLare: 2006 Dec. 13

3

MoneL 0> ElE, o’ CWsing' (Ifi]) x 10%** E/E, ore CWsiné (Lfi]) x 10°

N

1.32 0.24 36 1.19 0.18 2.0
1.10 0.27 39 1.23 0.27 4.6
1.09 0.35 19 1.18 0.32 13
1.10 0.28 230 1.27 0.31 190
1.04 0.28 3.0 1.53 0.27 5
1.04 0.43 22 13 0.39 30
0.88 0.29 220 0.99 0.34 210
0.95 0.43 24 1.04 0.39 27
1.05 0.44 18 1.15 0.39 21
1.01 0.61 29 1.07 0.59 25
1.03 0.27 25 A i) 0.23 2.6
1.04 0.25 29 1.11 0.24 29
1.05 0.27 i 1.16 0.19 22
0.95 0.64 26 1.00 0.61 24
1 u 0.8 1.04 e 0.8

3
3
3
2
2
2
1
0

' Models: Wh: Wheatland; Wie: Wiegelmann; Val: Valori; McT: McTiernan; +, —, 0: based on positive or negative B., or both, respectively; np: no
preprocessing; ns: preprocessed without smoothing; pp: preprocessing including smoothing; wp: Wiegelmann's preprocessing and smoothing.

2 Quality of fit by visual inspection for five features: a good or poor correspondence for each feature adds +1 or — 1, respectively, to the total value;
an ambiguous correspondence adds 0.

" Energy, relative to the energy in the preflare potential field model.

" Current-weighted value of sin #, where 4 is the angle between the electrical current and the magnetic field in the model solution.

* The unsigned mean over all pixels i in the comparison volume of the absolute fractional flux change f;| = |(V - B),|/(6|B|/Ax), where Ax is the
grid spacing (cf. Wheatland et al. 2000).
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Table of metrics for AR 10930

MeTrics FOR THE FIELD EXTRAPOLATIONS, IN ORDER OF QuaLity O Basep oN THE VisuaL CorRReSPONDENCE TO THE CORONAL PREFLARE IMAGE

Preriare: 2006 Drc. 12 PostrrLare: 2006 Dec. 13
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1.05 0.27 i 1.16 0.19 22
0.95 0.64 26 1.00 0.61 24
1 u 0.8 1.04 e 0.8

5
3
3
3
2
2
2
1
0

" Models: Wh: Wheatland; Wie: Wiegelmann; Val: Valori; McT: McTiernan; +, —, 0: based on positive or negative B, or both, respectively: np: no
preprocessing; ns: preprocessed without smoothing; pp: preprocessing including smoothing; wp: Wiegelmann's preprocessing and smoothing.

2 Quality of fit by visual inspection for five features: a good or poor correspondence for each feature adds +1 or — 1, respectively, to the total value;
an ambiguous correspondence adds 0.

" Energy, relative to the energy in the preflare potential field model.

" Current-weighted value of sin #, where 4 is the angle between the electrical current and the magnetic field in the model solution.

* The unsigned mean over all pixels i in the comparison volume of the absolute fractional flux change f;| = |(V - B),|/(6|B|/Ax), where Ax is the
grid spacing (cf. Wheatland et al. 2000).
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" Models: Wh: Wheatland; Wie: Wiegelmann; Val: Valori; McT: McTiernan; +, —, 0: based on positive or negative B, or both, respectively: np: no
preprocessing; ns: preprocessed without smoothing; pp: preprocessing including smoothing; wp: Wiegelmann's preprocessing and smoothing.

2 Quality of fit by visual inspection for five features: a good or poor correspondence for each feature adds +1 or — 1, respectively, to the total value;
an ambiguous correspondence adds 0.

" Energy, relative to the energy in the preflare potential field model.

" Current-weighted value of sin #, where 4 is the angle between the electrical current and the magnetic field in the model solution.

* The unsigned mean over all pixels i in the comparison volume of the absolute fractional flux change f;| = |(V - B),|/(6|B|/Ax), where Ax is the
grid spacing (cf. Wheatland et al. 2000).
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Recap for AR 10930

In the best-matching model for the 2006 Dec 13 flare,
free enerqgy drops [rom 32% to 14% of potential energy,
corresponding tora dropinifreeenergy of 5x10°< erg.

Several issues/caveats:

SN FERCHICUIATIOYIS S OOt EACH M ICOYS EXISUS Y O 2 LHTS
case. A greater degree of robustnessiis desired
before stronger conclusions can be drawn.

EOV S and S X=ray coVerageswos ot Optiol oYt nis
region, making it hard to determine best-fit model.

Lower boundary did not fully contain both flare
ribbons, which may be associated with additional
current systems used to power the eruption.




Now...

> We performed extrapolations based on
Hinode/SOT-SP vector magnetogram scan of
AR 10953 on 30 Apr 2007.
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Now...

> We performed extrapolations based on
Hinode/SOT-SP vector magnetogram scan of
AR 10953 on 30 Apr 2007.

Hinode/XRT 2007/04/30 22:20-22:30 UT




Now...

> We performed extrapolations based on
Hinode/SOT-SP vector magnetogram scan of
AR 10953 on 30 Apr 2007.

Hinode/XRT 2007/04/30 22:20-22:30 UT




Compavrison with STEREO

> We compared model fieldlines to three-
dimensional loop trajectories determined using
stereoscopy (applied to STEREO/SECCHI-EUVI).




Compavrison with STEREO

> We compared model fieldlines to three-
dimensional loop trajectories determined using
stereoscopy (applied to STEREO/SECCHI-EUVI).
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Compavrison with STEREO

> We compared model fieldlines to three-
dimensional loop trajectories determined using
stereoscopy (applied to STEREO/SECCHI-EUVI).

> Alignment: ¢ < 5 (yellow), ¢ > 45" (red)
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Table of metrics for AR 10953

FIELD EXTRAPOLATION METRICS® FOR AR 10953

Model? E/E,, ¢ (CWsin8)? (|fi|)¢(x108) (¢)f

Wh™ 1.18 0.16 1.9 20
McT .15 0.37 13. 38°
Val 1.12 0.19 99. 39°
1 1.08 0.46 20. 225
1.04 0.52 34. 25"

1.03 0.24 1.4 24°

0.85 0.42 6.3 44°

Pot 1.00 — 0.02 24°




Table of metrics for AR 10953

FIELD EXTRAPOLATION METRICS® FOR AR 10953

Model? E/E,; ¢ (CWsin)¢ (|fi|)e(x108) ()

Wh™ 1.18 0.16 1.9 2
McT 215 0.37 13. 38°
112 0.19 99. 39°
1.08 0.46 20. ¥
1.04 0.52 34. 25
1.03 0.24 7.4 24°
0.85 0.42 6.3 44°
1.00 — 0.02 24°




What is going on?

> Photosphere has Lorentz and buoyancy forces.
> Data inconsistent with model assumption.

> Codes have trouble converging/optimizing
when applied to forced boundary data.

> Godes did perform welli\whentapplied to
force-free cases with known'solutions.

> Preprocessing is an attempt to mitigate this.

> Boundary data altered to reduce net forces
and torques.

> Laplacian smoothing also applied.

> Results are better with preprocessing than
without.




Conclusions

> NLFFF models should not inherently be trusted.

> A more physically realistic method is needed to
capture the photosphere-to-corona.interface to
petter transform the forced photospheric boundary
data to (an‘approximation of) the force-free field in
the low corona.

> Smaller problems:

> Fields of view often too small (not all currents
captured, edge effects cause issues).

> Codes need some way to take into account
uncertainties in the boundary data.




