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Called+a+filament)if+seen+on+the+solar+disk
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Outline

•  Ubiquitous

• Prolate-elliptical arched-cylindrical 
(croissant-like) morphology

•  Low density relative to surrounding 
streamer (about a factor of two)

•  Multithermal, with flows spatially and 
temporally linking cavity and prominence

• Possess substructure tracing nested 
ellipses (lollypops!)

•  “Lagomorphic” polarimetry

• Precursors and predictors of 
eruption (lift-off!)
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193)Angstroms

Forland#et#al.,#2013

The&EUV&corona&(193&A)&during&the&
ascending&phase&of&the&cycle&has&proven&to&
be&an&excellent&period&for&studying&caviVes:&
one)or)more)cavi-es)are)visible)most)days.

2010

Interpreta-on:&Minimum)energy)state)
that)conserves)helicity)(flux)rope).&In&
polar&crown&filament&(PCF),&helicity&can&

accumulate&over&days&or&weeks.&&
Woltjer,#1958;#Taylor,#1974;#Mackay,#2014)
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Interpreta-on:&Flux)surface/pressure)jump…

…short,)axial)field)=)density)cavity.))Hydrosta-c)model)—>)
35%)deple-on

…stability)selec-on)effects

Schmit#and#Gibson,#2014

#Low#and#Hundhausen,#1995;#Gibson,#2014
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Variability&of&planeQofQsky&
flows&is&likewise&enhanced&in&
cavity&relaVve&to&streamer.&

Cavity&and&prominence&flows&
are&spaVally&and&temporally&
correlated.

Interpreta(on:&Thermal.nonequilibrium..  
Consistent with dynamic observations of 
EUV brightenings (horns) followed by 
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Variability&of&planeQofQsky&
flows&is&likewise&enhanced&in&
cavity&relaVve&to&streamer.&

Cavity&and&prominence&flows&
are&spaVally&and&temporally&
correlated.

Interpreta(on:&Thermal.nonequilibrium..  
Consistent with dynamic observations of 
EUV brightenings (horns) followed by 
formation of prominence.

Luna#et#al.,#2012
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Interpreta(on:&Flow.along.field.lines..  Both flux rope and sheared arcade model 
have field lines with writhe — can’t distinguish without establishing whether 
writhed field line wraps around axis.

Panasenco#et#al.#2014

Schmit#and#Gibson,#2013
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BakQSteslicka#et#al,#2013
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Cavity.proper(es:.Flows.(BullsAeye!)

Interpre(on:&Toroidal.flux.surfaces.within.a.flux.rope..
Field&lines&wrapping&around&axis.

Schmit#and#Gibson,#2013

BakQSteslicka#et#al,#2013

First#noted#by#D.#Tripathi#in#Hinode#data
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Lollypops.(Cavity.substructure)

Courtesy#U.#BakQSteslicka
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Lollypops.(Cavity.substructure)

LOS.flows.lie.above.prominence.and.within.cavity

Courtesy#U.#BakQSteslicka
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HornAlike.structures.and.
central.voids,.above.
prominence.and.
within.cavity

Regnier#et#al.#2011

Lollypops.(Cavity.substructure)

Gibson,#2014
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HighAtemperature.soMAXAray.cores

Reeves#et#al.,#2012

Lollypops.(Cavity.substructure)
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HighAtemperature.soMAXAray.cores

Reeves#et#al.,#2012

Hudson#et#al.#1999

see#also#Habbal#et#al#2007

Lollypops.(Cavity.substructure)
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Lollypops.(Cavity.substructure)
Interpre(on:&Dipped.vs..nonAdipped.field.lines

simulaIon&similar&to&Fan,&2012
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 Because it arches upwards, 
most of the field lines do not 

have dips that can support 
prominence mass against gravity !

!
 If we fill dips up to a 

prominence thermal scale height 
- would form a sheet-like 

prominence (brown)!
!

Main part of cavity (nondipped 
field) above prominence 

(lollypop),

Lollypops.(Cavity.substructure)
Interpre(on:&Dipped.vs..nonAdipped.field.lines

simula'on*similar*to*Fan,*2012
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most of the field lines do not 

have dips that can support 
prominence mass against gravity !

!
 If we fill dips up to a 

prominence thermal scale height 
- would form a sheet-like 

prominence (brown)!
!

Main part of cavity (nondipped 
field) above prominence 

(lollypop),

Lollypops.(Cavity.substructure)
Interpre(on:&Dipped.vs..nonAdipped.field.lines

simula'on*similar*to*Fan,*2012
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Lollypops.(Cavity.substructure)
Interpre(on:&Dipped.vs..nonAdipped.field.lines

 Flux rope winds just over 
one full turn!

!
 Outer field lines (green) are 
dipped, longer - location of 
TNE —> dense, variable !

!
 The inner field lines 

(orange/blue) are undipped, 
shorter, and fill most of the 

rope volume
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Lollypops.(Cavity.substructure)
Interpre(on:&Dipped.vs..nonAdipped.field.lines

Schmit#et#al#2013

Variable flows and temperature 
would project into but not fill the 

flux-rope cavity volume 
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Lollypops.(Cavity.substructure)
Interpre(on:&Dipped.vs..nonAdipped.field.lines

Schmit#et#al#2013

Variable flows and temperature 
would project into but not fill the 

flux-rope cavity volume 
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Lollypops.(Cavity.substructure)
Interpre(on:&Dipped.vs..nonAdipped.field.lines

Schmit#et#al#2013

Variable flows and temperature 
would project into but not fill the 

flux-rope cavity volume 
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SharplyQdefined&subQstructure&
may&also&arise&from&magneVc&XQ
line&topology&QQ>&reconnec(on

Lollypops.(Cavity.substructure)
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Simula'on*e1*of*Fan*(2010)*

Berger*(2012)*

Current*sheet*forms*below*center*of*flux*rope,*with*dense*

hornBlike*enhancement*

Reconnec'ons*lead*to*flows*and*lowBdensity/highB
temperature*center*internal*to*cavity*(lollypopBlike)*Fan*(2012)**

Regnier*et*al.*2011*

SharplyQdefined&subQstructure&
may&also&arise&from&magneVc&XQ
line&topology&QQ>&reconnec(on

Lollypops.(Cavity.substructure)
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Lollypops.(Cavity.substructure)
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Lollypops.(Cavity.substructure)

Interpreta(on:&Hot.core.of.reconnected.field.lines Fan,#2012
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Lagomorphs.(Linear.Polariza(on)

& Coronal&MulVchannel&Polarimeter&(CoMP):&&new&coronagraph&that&measures&
the&Stokes&vectors&and&the&velociVes&in&opVcally&thin&coronal&emission&lines

Courtesy#L.#Rachmeler
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Lagomorphs.(Linear.Polariza(on)

& Coronal&MulVchannel&Polarimeter&(CoMP):&&new&coronagraph&that&measures&
the&Stokes&vectors&and&the&velociVes&in&opVcally&thin&coronal&emission&lines

Primary&observable:&fracVon&of&linearlyQpolarized&light&(L/I)&
• &strong&signal:&B&in&planeQofQsky&(POS)&
• &zero:&B.along&lineQofQsight&(LOS)&
• &zero:&&Van&Vleck&angle&between&B&and&radial&~54

L/I&direcVon&=&POS&component&of&B&
(integrated&along&LOS!)&

• &flips&by&90&degrees&at&Van&Vleck&angle

Courtesy#L.#Rachmeler
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Lagomorphs.(Linear.Polariza(on)

& Coronal&MulVchannel&Polarimeter&(CoMP):&&new&coronagraph&that&measures&
the&Stokes&vectors&and&the&velociVes&in&opVcally&thin&coronal&emission&lines

Primary&observable:&fracVon&of&linearlyQpolarized&light&(L/I)&
• &strong&signal:&B&in&planeQofQsky&(POS)&
• &zero:&B.along&lineQofQsight&(LOS)&
• &zero:&&Van&Vleck&angle&between&B&and&radial&~54

Cavity

L/I&direcVon&=&POS&component&of&B&
(integrated&along&LOS!)&

• &flips&by&90&degrees&at&Van&Vleck&angle

Courtesy#L.#Rachmeler

SensiVve&to&presence&of&coronal&
currents&(Judge&et&al.,&2006)
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Lagomorphs.(Linear.Polariza(on)

Lagomorph&“head”&collocated&
with&cavity

BakQSteslicka#et#al,#2014
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Lagomorphs.(Linear.Polariza(on)

Lagomorph&“head”&collocated&
with&cavity

BakQSteslicka#et#al,#2014

Lagomorph&and&cavity&sizes&correlate
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P/I

Model&L/I&(POS)Model&B&(POS)

Lagomorphs.(Linear.Polariza(on)
Interpreta(on:&flux.rope
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P/I

Model&L/I&(POS)Model&B&(POS)

Flux.rope.axis

Lagomorphs.(Linear.Polariza(on)
Interpreta(on:&flux.rope
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P/I

Model&L/I&(POS)

Van.Vleck.inversion.in.flux.rope
Model&B&(POS)

Flux.rope.axis

Lagomorphs.(Linear.Polariza(on)
Interpreta(on:&flux.rope
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P/I

Model&L/I&(POS)

Van.Vleck.inversion.in.flux.rope
Model&B&(POS)

Van.Vleck.inversion.in.arcade

Flux.rope.axis

Lagomorphs.(Linear.Polariza(on)
Interpreta(on:&flux.rope
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P/I

Model&L/I&(POS)

Van.Vleck.inversion.in.flux.rope
Model&B&(POS)

Van.Vleck.inversion.in.arcade

Flux.rope.axis

NLFFF extrapolation with flux insertionSXR Sigmoid

Linear polarization lagomorph
 in coronal cavity Flux rope model forward-integrated for linear polarization

Savcheva et al., 2012

Bak-Steslicka et al., 2013

cavity center

Lagomorphs.(Linear.Polariza(on)
Interpreta(on:&flux.rope
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&CaviVes&“bodily”&
erupt&as&CMEs

LiMoff!.(Cavity.clues.to.CMEs)
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Note&the&shape&
(tearQdrop)

&CaviVes&“bodily”&
erupt&as&CMEs

LiMoff!.(Cavity.clues.to.CMEs)
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2012$05$14'12:00'

2012$05$15'12:00' 2012$05$15'18:00' 2012$05$16'00:00'

2012$05$16'04:00' 2012$05$16'06:00' 2012$05$16'08:00'

2012$05$14'06:00' 2012$05$14'18:00' 2012$05$15'00:00'

2012$05$15'06:00'

2012$05$16'02:00'

LiMoff!.(Cavity.clues.to.CMEs)
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Forland#et#al.#2013

10%.semicircular.erupted.
23%.ellip(cal.erupted.

68%.of.tearAshaped.erupted

LiMoff!.(Cavity.clues.to.CMEs)
Shape.predicts.

erup(on
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Aulanier*et*al.,*2010

Also,*Savcheva*et*al,*2012;*Fan,*2012

LiMoff!.(Cavity.clues.to.CMEs)
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Aulanier*et*al.,*2010

Also,*Savcheva*et*al,*2012;*Fan,*2012

LiMoff!.(Cavity.clues.to.CMEs)

Interpreta(on:.
• Current.sheet.forms.below.flux.rope.—>.tetherAcu_ng.reconnec(ons.
(hot.core,.central.void).

• Drives.slow.rise.of.flux.rope.(tearAdrop.shape.forms).
• Reaches.height.for.torus.instability.—>.CME
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Thermodynamic.and/or.topological.interfaces.
associated.with.nested.toroidal.flux.surfaces
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Conclusions:.Lollypops

Field&line&length/geometry

Thermodynamic.and/or.topological.interfaces.
associated.with.nested.toroidal.flux.surfaces
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Conclusions:.Lollypops

TetherAcu_ng.reconnec(on.(only.for.
immediately.preAerup(on?)

Field&line&length/geometry

Thermodynamic.and/or.topological.interfaces.
associated.with.nested.toroidal.flux.surfaces
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Hinode.XRT

Conclusions:.Lagomorphs
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Hinode.XRT

Conclusions:.Lagomorphs
Axial.field.surrounded.by.poloidal.field.(flux.rope)
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Hinode.XRT

Conclusions:.Lagomorphs

Can.we.use.such.
observa(ons.to.monitor.
topological.changes?

Axial.field.surrounded.by.poloidal.field.(flux.rope)
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Conclusions:.LiMoff

Torus&instability&may&be&sufficient,&but&does&
not&seem&to&be&necessary&for&erupVon.

As.we.begin.to.measure.the.coronal.fields.themselves,.is.there.a.
property:.helicity,.free.energy,.complexity,.topology.AA.that.we.could.

measure.to.tell.us.that.erup(on.is.inevitable?

Topological.changes.leading.up.to.ideal.instability
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Conclusions:.LiMoff

Torus&instability&may&be&sufficient,&but&does&
not&seem&to&be&necessary&for&erupVon.

As.we.begin.to.measure.the.coronal.fields.themselves,.is.there.a.
property:.helicity,.free.energy,.complexity,.topology.AA.that.we.could.

measure.to.tell.us.that.erup(on.is.inevitable?

Or.do.we.have.to.wait.(ll.we.can.specify.the.full.3D.coronal.
field.and.poke.it.to.see.what.blows?

Topological.changes.leading.up.to.ideal.instability


