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Historical perspective

c . ” First photograph of solar eclipse 1851
Burning holes (Berkowski

“Red flames”



Historical perspective:
questions of the day

Are these structure "sflclouds on the Sun? On
the moon? /

How are they connected to the Sun?

Why do they appear red or pink?




“The nebulous masses are so quickly
illuminated and/they disappear within
such a shortAime that one wonders
whether it is @ temporary transformation
instead of an actual transport of mass”

- A. Secchi 1877



1999, France- image by Luc Viatour.



Composite - 22 images
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SST La Palma

60 cm aperture stop

No AO

Ha Line center 656.3nm
29-Apr-2002




Filaments = prominences










Moving upward

SST La Palma

60 cm aperture stop

No AO

Ha Line center 656.3nm
- 29-Apr-2002

Ground-based Space-based









Properties

L

Dynamic (knots and threa s,'vél ~5-100 km s7)

Spine, barbs, and fgétpoints (next slide)

Length ~ 104 - 1
Width ~ 100

km, Height ~ 103-10° km,
— 10,000 km

Lifetime ~ hours — months

T<10°K, N>10" cm3, M~ 10" gm




Structure

A
spine footpoint

barb

« Partially ionized plasma

 Filament channels



Questions (more current)

* How do these structures form?
* How is the deré mass supported?

* How Is the mass coupled to the
magnetic structure?



Mass support
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(Gilbert et al. 2002; 2007)



Filament channel structure

Sheared Arcade Flux Rope
Antiochos, S & C. R. DeVore, 1999 Amari et al. 2000



Prominence Lifecycle

Formation 3

Channels ,//

Mass /

Dynamics

Eruption



Formation and Dynamics

 Observations '

— Provide constraintsfor models
 Location of formation (polarity inversion lines)
* Fine structure
- Motion of threads/knots
» Existence of barbs

 Models

— Magnetic forces
— Thermal forces



C. R. DeVore &
S. Antiochos,
2000




C. R. DeVore , S. Antiochos, & G. Aulanier 2005



Fundamental importance of filament
channels

Driver of eruptions and.space weather

» Energy source /

/l

* Helps us understand the Sun’s magnetic-field
evolution

* Provide insight into physics of magnetic stability
iIn plasmas



Cool plasma formation




Origin of Cool Plasma

-

 Levitation

* Injection

« Evaporation-
condensation




Magnetic reconnection




Levitation

Courtesy of Judy Karpen
(Galsgaard & Longbottom 1999, Litvinenko & Wheatland 2005)



Injection

corona

Field-aligned jets generated by reconnection (Liu et al. 2005)

Courtesy of Judy Karpen



Evaporation-Condensation

The Thermal Nonequilibrium Model: condensations are caused
by heating localized above footpoints of long, low-lying loops

corona

transition region

chromosphere

Courtesy of Judy Karpen

References: Antiochos & Klimchuk 1991; Dahlburg et al. 1998; Antiochos et al. 1999, 2000; Karpen et al.
2001, 2003, 2005, 2006; Karpen & Antiochos 2008



Multi-threaded model (3D sheared structure
+ thermal nonequilibrium process)

(Luna, Karpen, DeVore, 2012)









Draining

Vertical motion

Oscillating

Swirling
- Tornadoes

Kinking

The image cannot be displayed. Your computer may not have enouc mory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still
ppears, you may have to delete the image and then insert it again




Vertical motion



Kinking: failed eruption



2007-08-17T16:21:14 <0600>




Oscillations

MLSO PICS
HALPHA
2006-12-06 MLSO CHIP
17:13:00UT HELIUM-I
DOY: 340 006-12-0

Scaling: -1200 to 50

Scaling: 800 to 1200 S
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20:01:07

(Gilbert et al. 2008)



Jing et al., 2003



Eruption (death?... not always)

4 June 1946: Ha photograph

»”

Source: High Altitude Observatory Archives HAO A-QO0Y



“The nebulous masses are so quickly
illuminated and/they disappear within
such a shortAime that one wonders
whether it is @ temporary transformation
instead of an actual transport of mass”

- A. Secchi 1877






June 7, 2011



Reconnection below Reconnection above Reconnection within
flux rope the prominence the prominence
(within flux rope)

X-type X-type
Neutral Lines Neutral Line




Why should you care?



Coronal Mass Ejections

2000/02/27 01:54



2000/06/06 00:18 -



Outstanding Questions

What are the favorable conditions for prominence
mass to form?

How do condensation aﬂa drainage control the
mass budget of a prominence?

What causes vertifgr:nd vortical motions in
prominences?

What is the magnetic structure of barbs?

Why are filaments filamentary?

What determines the size and structure of

the flows?
Why the large range of lifetimes?




Thank you!




