Observational Properties of Solar Flare Ribbons
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Outline

* During flares, magnetic reconnection takes place in the
corona, and the reconnection energy release events can
be mapped and therefore measured at flare ribbons.

* Flare energetics can be probed with temporal, spatial,
and spectral properties of flare ribbons, in connection
with coronal observations.

e Joint disk observations of flares and limb observations of
the solar corona from multiple vantage points can be
used to measure reconnection and CME kinematics.



reconnection in corona forms flare arcade

Formation/heating of flare
loops observed in extreme
ultraviolet light by the
Solar Dynamics Observatory

(Sun+2015)

from Terry Forbes
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Disk observations also reveal discrete flare loops and their feet as plasmas are
heated in post-reconnection flux tubes in the corona and chromosphere.
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measured total, or global, reconnection rate
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pattern of reconnection, the zipper effect
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reconnection vs. energetics
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reconnection
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energetics inferred from flare ribbons
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heating of flare loops: the Neupert effect
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A C-7 flare observed/modeled
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Total heatings E, (10** ergs)
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fundamental scales (?) of energy release events
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reconnection vs. CME Kinematics: models
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reconnection vs. CME kinematics: models
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CME kinematics and flare emissions
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CME kinematics and magnetic reconnection
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observe flare and CME at the same time

NASA’s STEREO (with SDO) Sees the Entire Sun
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reconnection vs. CME kinematics
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Projected distance h—hy (Rg,n)

height, velocity, and acceleration of CMEs
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Fast CMEs are accelerated within minutes in the low corona (zhu+2020).



X-ray flux (Watts m™2)

Distance (Ry,.)

N

Rec. rate (10" Mx s™")

J800

[&Y]
T

N
T

0 _J0  Teconnection vs. CME kinematics
2—5400 -
0.57,0—_ 200 £
\:j—_c _O T . ] 10
CME oo 1 14:—(0) _\_ — [ (b)
1 12F - gl i
16%00 16::20 16::40 17::00 17::20 . - 103_ 1
é(b) 5% 8;— = ‘ ot ]
3 reconnectiony .z - ;
rate L o - ‘
; %12 OE L L L 1 1 I E O: I_ 1 1
g E 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 -20 -10 0 10 20
e ‘ . . . Ho Rmex Of Acc. & Rec. Rate te = t, (min)
(C): 107;780/\ | | | 150/\ : M M
| e 1 % Time lagged correlation analysis suggests three
| = populations, and CME-lead events tend to have
GOES SXR- 9 = |ower reconnection rate on average (zhu+2020).

16:00

16:20 16:40 17:00 17:20
Start Time (12—Jul—12 15:50:00)



Summary

Magnetic reconnection allows eruptive energy release in
flares and CMEs.

State-of-the-art observations and models provide
unprecedented opportunities fto conduct large-scale and
detailed studies of reconnection and energetics in the
solar atmosphere, to help answer some outstanding
questions in a quantitative manner.



