Which factors of an Active Region determine
whether a flare will be CME-associated or not?




Motivation

Peak Flux

More energetic flares are more likely to be eruptive

X-Class Flares (1074 Wm7—2 Peak SXR Flux)
>90% CME association rate
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Yashiro et al. (2006)
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AR since 1990

' 6 -class and 30 M-class flares
//' only 1 M-class flare was eruptive!

§

// (e.g. Thalmann et al. 2015, Sun et al. 2015) e e i R
/ °




.




-
O
=
O
A
w
V)
)
-
O
4
Ll




Data and Methods



Extent of Host Active Region Method

AR center

dlPC ... distance between opposite
magnetic polarity centers
(flux weighted centers)
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Extent of Host Active Region Method

dlPC ... distance between opposite
magnetic polarity centers

——+ Y2 dlPC approximates AR’s
dipole
radius!
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Flare Location

Flare ,,Center“
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x [Mm] NOAA 12192 on October 25, 2014 (16:47)




Flare Distance from Active-Region Center Method

AR center

s dIFC... distance between flare
site and flux weighted AR center

Flare site
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Flare Distance from Active-Region Center Method

s dIFC... distance between flare
site and flux weighted AR center
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Relative Location of Flare Site within Host
Active Region

< confined
x eruptive

Flare distance from AR center
normalized by the extent of

the host‘s AR dipole ZiFC / diPq |
against 4iPC
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Results



Relative Location of Flare Site within Host

Active Region

Flare distance from AR center
normalized by the extent of

the host‘s AR dipole ZiFC / diPq |

against 4iPC

< confined
x eruptive
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Results

In periphery of the
host AR‘s dipole field

Enclosed by AR
dipole field



Relative Location of Flare Site within Host

Active Region

Flare distance from AR center
normalized by the extent of

the host‘s AR dipole ZiFC / diPq |

against 4iPC

< confined
eruptive
N
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In periphery of the
host AR‘s dipole field

Enclosed by AR
dipole field



Relative Location of Flare Site within Host

Active Region

Flare distance from AR center
normalized by the extent of

the host‘s AR dipole ZiFC / diPq |

against 4iPC

< confined
x eruptive

extended AR
>60M

d_PC [Mm]

Results

In periphery of the
host AR‘s dipole field

Enclosed by AR
dipole field



Relative Location of Flare Site within Host

Active Region

Flare distance from AR center
normalized by the extent of

the host‘s AR dipole ZiFC / diPq |

against 4iPC

compact AR
diPC < 60 Mm
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Results

In periphery of the
host AR‘s dipole field

Enclosed by AR
dipole field



Strength of Magnetic Field Above Flare Site -
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Strength of Magnhetic Field Above Flare Site -

%

Blhor ... horizontal field strength
2 ... height in the corona






Strength of Magnetic Field Above Flare Site
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Adcrit ... critical height
for torus instability




Vertical Decay of Magnetic Field above Flare Site Results

eruptive
- — — - confined
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h_crit [Mm]

critical height for torus instability



AR

Orientation of Flare-Relevant Polarity
Inversion Line
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Orientation of Flare-Relevant Polarity

. . Method
Inversion Line

Height normalized by extent of AR

10
Height [Mm]
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Orientation of Flare-Relevant Polarity
Inversion Line

eruptive confined

X-Class
- — — . M-Class

height normalized by the extent of the individual AR dipole (%4/diPC)



Orientation of Flare-Relevant Polarity
Inversion Line

eruptive confined

X-Class
=~ 7" M-Class

A = |@(h/diPC=0.5) - @(h=0)|

Change of orientation of flare-
relevant PIL between
photosphere and AR dipole apex

height normalized by the extent of the individual AR dipole (%/dlPC)



Orientation of Flare-Relevant Polarity

. . Results
Inversion Line
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Ap = |o(h/diPC=0.5) - (h=0)|
Change of orientation of flare-relevant PIL between photosphere and AR dipole apex



Orientation of Flare-Relevant Polarity
Inversion Line

Change of orientation of flare-relevant PIL
versus critical height for torus instability

cc= 0.6+ 0.1
slope = 0.6 + 0.2
offset= 11+ 7

¢ confined
x eruptive

h_crit [Mm]
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Summary and Conclusions

-~ Determining factors for large eruptive vs. confined flares are:

» Vertical decay of the host AR magnetic field above flare PIL: in confined flares,
magnetic field decays more slowly (4{crit is higher)

 Orientation of flare-relevant PIL as function of height:
confined events — quicker adjustment with respect to global AR field

 Flare location within AR:
Large flares occurring in AR periphery — tend to be eruptive
Large confined flares: predominatly located close to AR center, below the
,dipole field” of large ARs (consistent with Wang & Zhang 2007)

Study published in: Baumgartner, Thalmann, Veronig, ApJ 853, 105 (2018)



Thank you for your attention!




Orientation of Flare-Relevant Polarity
Inversion Line

confined

X-Class
- — — . M-Class

vertical height normalized by the extent of the individual AR dipole (%/diPC)
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