Solar Flares:
Everything you need to know*

Dana Longcope
Montana State University

*but were afraid to ask



Operational def’'n: Flare: sudden brightening in X-rays
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Close-up of that brightening
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Epistomology

Pure sensation Organization Making sense
Observation Generalization & Models &
& data categorization understanding
Particular flare: * Eruptive/compact e CSHKP model
e Light curves flares * Reconnection
e Spectrum * |Impulsive/gradual * Chromospheric
* Images | phases evaporation
* Neupert effect * Non-thermal
* Flare ribbons electrons
 X/M/C flares
 Above-the-loop-top
source

Terminology & jargon In progress
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Model: Karpen et al. 2012




How they relate...
the basic picture

CME

Current sheet

flare




Progress of a fl

dare

1. Release of magnetic energy

2. Downward energy transport

a. Thermal conduction (flui
b. Non-thermal electrons (

d)
peyond fluid)

| 3. Evaporation: Loops fill |

4. Loops Cool
a. Thermal conduction
b. Radiative cooling

Flare: X-ray

" brightening
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1. Energy release

Based on Lin & Forbes 2000
Fix flux rope (focus on flare)
CS beneath

Current density K(z)
Integrates to current I
reconnected flux in arcade
Maps to chromospheric

ribbons







Electrodynamic work done

W=f1dc1>

= drop in magnetic energy
— energy release
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AlA 1600 A: AlA 171 A:
100,000 K plasma 1,00,000 K plasma
chromospheric feet coronal loops

26—Dec-2011 11:07:53,120 28-Dec—2011 11:08:12,350




26—Dec—-2011 11:31:53.120
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2. Energy transport
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3. Evaporation
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SPATIAL DISTRIBUTION
OF THE HEATING
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The Basic Picture

_ conduction
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The Basic Picture

_ conduction
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The Basic Picture
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Evaporation as Riemann Problem

- conduction creates uniform high temp. around TR
* evaporation occurs @ constant T for t>0
Isothermal Riemann problem
« isothermals sound speed a; isdcT Mach #: v/a = M)
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Riemann’s Problem:
what happens when the dam breaks?

Riemann

\,



Riemann’s Problem:
what happens when the dam breaks?

Initial
' discontinuity

Y
[ v(x,0)=0




Riemann’s Problem:
what happens when the dam breaks?

wave speed: 10m/s

10 m/s C—

wave speed:
2m/s
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Evaporation observed

Milligan & Dennis 2009

Fe X (log T = 68.0) FeXI(logT = 6.1) Fe XII (log T = 6.1)

Fe XIII (log T = 6.2) Fe XIV (log T = 6.3)
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4. Loops cool off

AlA 1600 A: AlA 171 A:
100,000 K plasma 1,00,000 K plasma
chromospheric feet coronal loops

26—Dec-2011 11:07:53,120 286—-Dec—2011 11:08:12,360




26—Dec-2011 11:23:53.120

256—-Dec—2011 12:08:14.540

26-Dec—2011 11:24:12.350

* Energy released

* Feet brighten

* Loop appears @ 10° K
— 44 min. later
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Cooling observed
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The population: flare statistics

lgnore details of events:
focus on statistics

Count events in each bin
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Cumulative Number

What could it mean?
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M—X event days

X event days

Distributions as a forecasting tool
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Summary

* A Flare is a sudden brightening of the entire star
(the Sun) in X-rays

* Energy is released from the coronal magnetic
field

* Non-magnetic energy is transported downward
to drive chromospheric evaporation
— the actual flare”

* Loops cool and then appear in various EUV
Images

* Flares of various amplitudes appear at different
frequencies: larger flares less frequently



