inence Caviti
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minence Cavities

Sarah Gibson

Lollypops, and lift-off!

Iagomorphs

Thanks to Urszula Bak-Steslicka, Giuliana de Toma, Yuhong Fan,
Blake Forland, Nishu Karna, Terry Kucera, Laurel Rachmeler, Kathy
[Hi Reeves, Durgesh Tripathi, and Don Schmit
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Prominence Cavities

Prominences and cavities lie above solar-surface magnetic
neutral lines; stable for days/weeks
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Prominence Cavities

Prominences and cavities lie above solar-surface magnetic
neutral lines; stable for days/weeks

Promin@nce: (relatively) cool, dense plasma suspended in
the corona, supported by magnetic fields
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Prominence Cavities

Prominences and cavities lie above solar-surface magnetic
neutral lines; stable for days/weeks

Promin@nce: (relatively) cool, dense pI]:sma suspended in
the corona, supported by magnetic fields

Called a filament if seen on the solar disk
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Prominence Cavities

Prominences and cavities lie above solar-surface magnetic
neutral lines; stable for days/weeks

Surrounded by dark,
Promin@nce: (relatively) cool, dense pI]:sma suspended in coronal cavity

the corona, supported by magnetic fields
Called a filament if seen on the solar disk

|:||:|i ‘ 11/13/2014 Sarah Gibson Coupling and Dynamics in the Sun’s Atmosphere




Prominence Cavities

2007-Apr-25
13:06:21

AlA 304 - 2011/09/25 - 10:00:08Z
AlA 171 - 2011/09/25 - 10:00:00Z
AlA 211 - 2011/09/25 - 10:00:00Z
AlA 193 - 2011/09/25 - 10:00:09Z
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Prominence Cavities

..Actually they are quite

dynamic when you look close
enough -- but on large-scale,
they pretty much stay put....

N

AlA 304 - 2011/09/25 - 10:00:08Z
AlA 171 - 2011/09/25 - 10:00:00Z
AlA 211 - 2011/09/25 - 10:00:00Z
AlA 193 - 2011/09/25 - 10:00:09Z
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Prominence Cavities

...until they don’t.

Coronal Mass Ejection

iz 201Z=03=15TUY: UL U2 5297 cfr=1] 24 03
| .prYys
ARl
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Prominence Cavities

...until they don’t.

Coronal Mass Ejection
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Prominence Cavities

...until they don’t.

Coronal Mass Ejection

iz 201Z=03=15TUY: UL U2 5297 cfr=1] 24 03
| .prYys
ARl
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Outline

Based on recent review chapter in new book:

Solar Prominences, Astrophysics and Space Science Library,
Vol. 415, Vial, Jean-Claude, Engvold, Oddbjorn (Eds.), Springer,
2015
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_ Outline

Based on recent review chapter in new book:

Solar Prominences, Astrophysics and Space Science Library,
Vol. 415, Vial, Jean-Claude, Engvold, Oddbjorn (Eds.), Springer,
2015

(see also chapter by J. Karpen)
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e Ubiquitous
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Outline

e Ubiquitous

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

e Ubiquitous

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

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

e Ubiquitous

| e Prolate-elliptical arched-cylindrical h
£ (croissant-like) morphology \
e Low density relative to surrounding “

streamer (about a factor of two)

e Multithermal, with flows spatially and
temporally linking cavity and prominence
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Outline

e Ubiquitous

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

e 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!)
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Outline
Y .

e Ubiquitous

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

e 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!)

e “Lagomorphic” polarimetry
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Outline

e Ubiquitous

' » e Prolate-elliptical arched-cylindrical
(croissant-like) morphology
e Low density relative to surrounding
streamer (about a factor of two)

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

® Possess substructure tracing nested
ellipses (lollypops!)

e “Lagomorphic” polarimetry

® Precursors and predictors of
eruption (lift-off!)
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Jity properties: Ubiqt

Y

Soft Xray

Extre
Ultraviole
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Soft Xray

. Ultraviolet

193 Angstroms

30-day bins

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

rorigna et ail., Zul>
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2 Cavity properties: Ubiquity’
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Radio fcontours). | N

2012

193 Angstroms

30-day bins

The EUV corona (193 A) during the
ascending phase of the cycle has proven to
be an excellent period for studying cavities:
one or more cavities are visible most days.
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Cavity properties: Morphology
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‘Cavity properties: Morphology

Cross-section of
cavities can be fit
to ellipses
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Cavity propertles Morphology

Forlandetal 2013 icircular — Di

' EII[ 1|—T|[
i Tear—Shaped — Squ

Cross-section of
cavities can be fit
to ellipses

Most cavities are taller than
they are wide (“skinny”)
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Cavity propertles Morphology

sspect Ratio

siasewtdr — Diamot
g Elliptical — Triar [
i Tear—Shaped — Squ

Forland et al., 2013

Cross-section of
cavities can be fit
to ellipses

Most cavities are taller than
they are wide (“skinny”)
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propertles Morphology

Forland et al., 2013 misieauiyr - Digmor

. E|||| tical — Triangl
i Tear—Shaped — Square

Cross-section of
cavities can be fit
to ellipses

Most cavities are taller than
they are wide (“skinny”)
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Cavity properties: Morphology

Rac 1||| Center vs. A

1111

013 wsawhir — Diamond
i E|||| tical — Trian |
i i Tear—Shaped — Square

lIIIllIIIllII

Cross-section of
cavities can be fit
to ellipses

Most cavities are taller than

they are wide (“skinny”)

Gibson et al., 2010 -
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DBS « ]
KKR + ]
SEG 0
DJS ©
JBD x ]
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I’ctop (RSun)
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- e MLSO/Mk4

0, Gaussian distribution
© of heights
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Cavity properties: Morphology

F]ilu Center vs. ~:;_r__+. Ratic

1111

E|||| tical = Tria |
Tear—Shaped — Square

Forland et al., 2013 iwsatdr — Diamor

lIIIllIIIllII

III:F‘IIIIIIIIIIIIIIIII'

Cross-section of
cavities can be fit
to ellipses

TTT 7T

Most cavities are taller than

they are wide (“skinny”)

Glbson et al., 2010 Tﬁ“.ﬁoﬁ

- e MLSO/Mk4

Prolate-elliptical, arched-cylindrical 0 . Gaussian distribution
(croissant-like) morphology of heights

Ce
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Cavity properties: Morphology

Most cavities are taller than

they are wide (“skinny”)

Prolate-elliptical, arched-cylindrical

(croissant-like) morphology
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Cavity properties: Morphology

Most cavities are taller than

they are wide (“skinny”)

Prolate-elliptical, arched-cylindrical

(croissant-like) morphology

11/13/2014 Sarah Gibson Coupling and Dynamics in the Sun’s Atmosphere




Cavity properties: Morphology

Interpretation: Expanded, but trapped, twisted flux

Fan and Gibson, 2007

Most cavities are taller than
they are wide (“skinny”)

t = 138 (Rs/Vao)

Prolate-elliptical, arched-cylindrical

(croissant-like) morphology
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Cavity properties: Morphology

Interpretation: Expanded, but trapped, twisted flux

Fan and Gibson, 2007

Most cavities are taller than
they are wide (“skinny”)

t = 138 (Rg/Vao)

Prolate-elliptical, arched-cylindrical

o
~
L
=
=
|
Z
o}
o

(croissant-like) morphology

11/13/2014 Sarah Gibson Coupling and Dynamics in the Sun’s Atmosphere




Cavity properties: Density
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Cavity properties: Density

=

ibson-etal.,2006 - Scan 20020722.165044 1.20 Reun,
3 : v Doi |
|

A,

\ \‘.

.‘\a“-’» 10’
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Cavity properties: Density

A 006 _i-L:'i y:iig’[}-..‘nl) nvlamfm an Lv;l'li‘:'l'_':i,"_."}l: W{““*f 1.20 Rsun
Analysis of 24 white-light o S f\
cavities: 25% on if S VA e
\ ;’" \\.m)‘l A
average; 60% L e S
maximum cavity fom b\
depletion (relative to »
surrounding streamer) T w
| Fuller and g of : ’ '
§ “r' Gibson, 2009 B s
3 & |
- " 1 0 o4
A 2 |
z'\ 0z - 2 0.2
- 5"
E o0 s 0.0+ 1
g |
- - E S| Y I P i s el i s g A Do s s s aita il as

0.2 0.4 0.6 0.8 1.0

Cavity Height (Rsun)

Fractional Cavity Height
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Analysis of 24 white-light
cavities: 25% on
average; 60%
maximum cavity
depletion (relative to
surrounding streamer)

Fuller and
Gibson, 2009

o
T T

Density Depletion

Fractional Cavity Height
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Cavity properties: Density

0.2

0o

Mean Density Depletion

Depletion maximum at low heights, minimum
(usually zero) at top of cavity.

Coupling and Dynamics in the Sun’s Atmosphere

, pB (B/Bsun) Theta Scan 20020722.165044 1.20 Rsun
[ T T T — T T v T T v v

............

T

Cavity Height (Rsun)




Cavity properties: Density
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Cavity properties: Density

Inside | Outside
B=pBz | | B=0
P= }:'r.i

B
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Cavity properties: Density

Inside | Outside
B=pBz | | B=0
P= }:'r.i

B

Schmit and Gibson, 2014

Height {A.)

felght (H.)
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Cavity properties: Density

Inside | Outside

- 0
P=F,

Schmit and Gibson, 2014

aight (F.)

. J S¢ o1t ¢ Low and Hundhausen, 1995; Gibson, 2014
A . 11/13/2014

Sarah Gibson
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Cavity properties: Temperature and Flows
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Cavity properties: Temperature and Flows

Variability in temperature-sensitive line ratio indicates

” multiple temperatures are present at a given height

2oL Streamer Dominated 2.2k Cavity Dominated
Fe XV/Fe XIV Fe XV/Fe XIV

2.0 2.0 H |

1.8 o 18
1.6 i 1.6
1.4F + . 1.4

1.0 :

104 106 108 110 1.12 114 1.16 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18
Plane of Sky Altitude (Rs,,) Kucera et al. 2012 Plane of Sky Altitude (Rg,,)
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Cavity properties: Temperature and Flows

Variability in temperature-sensitive line ratio indicates

” multiple temperatures are present at a given height

2oL Streamer Dominated 2.2k Cavity Dominated
Fe XV/Fe XIV Fe XV/Fe XIV

2.0 2.0 H |

=
! ! A LD
1 6 1 6 H AN DRI Y
. %A% i . i BYVVY
| R

1.4 s 1.4

1.0 :
1.04 106 108 110 112 114 1.16
Plane of Sky Altitude (Rs.,) Kucera et al. 2012 Plane of Sky Altitude (Rs,)
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Cavity properties: Temperature and Flows

Variability in temperature-sensitive line ratio indicates

” multiple temperatures are present at a given height

2oL Streamer Dominated 2.2k Cavity Dominated
Fe XV/Fe XIV Fe XV/Fe XIV

2.0 2.0 H |

=
! ! A LD
1 6 1 6 H AN DRI Y
. %A% i . i BYVVY
| R

1.4 s 1.4

1.0 :
1.04 106 108 110 112 114 1.16
Plane of Sky Altitude (Rs.,) Kucera et al. 2012 Plane of Sky Altitude (Rs,)
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Cavity properties: Temperature and Flows

_ Flow variability vs. Intensity Cavity

Prominence
Poisson baseline

Schmitﬁ& Gibson 2013

Variability in temperature-sensitive line ratio indicates
e multiple temperatures are present at a given height

2.0 Streamer Dominated ] 22F Cavity Dominated
Fe XV/Fe XIV ] - Fe XV/Fe XIV

2.0F : 2.0F H
1.8f o7 o 1.8F I
1.6 1 : 1.6F FESS
145 + i eenst : 1.4F
120 N1 ‘ : 1.2F
1.0 : d 1 I L 1 : 1.0 : 1 I 1 1 1 1 ]
1.04 1.06 1.08 110 1.12 114 1.16 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18
Plane of Sky Altitude (Rs,,) Kucera et al. 2012 Plane of Sky Altitude (Rg,,)
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Cavity properties: Temperature and Flows

Schmi

247

treamer

_ Flow variability vs. Intensity Cavity Varlablllty of plane—of-sky

t_& Gibson 2013

_ Prominence gq\ys js |ikewise enhanced in
Poisson baseline : .
cavity relative to streamer.

Variability in temperature-sensitive line ratio indicates

29 Streamer Dominated

2.0f
1.8
1.6
145 + 4
1.2F 1

1l

KA

Fe XV/Fe XIV

O:

Plane of Sky Altitude (Rg,,)

1.04 106 1.08 110 1.12 1.14 1.16

multiple temperatures are present at a given height

o
2.0f
181
1.6F
1.4}
1.2k
1.0t

Cavity Dominated
Fe XV/Fe XIV

o
'!

-~ L D
P W VLIS N
1y AT BRI
CE L ARSIV Y
' ’.},_'.:‘..g._( WY

1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18

Kucera et al. 2012 Plane of Sky Altitude (Rg,,)

Is cavity hotter or cooler than surrounding streamer? Yegs
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Cavity properties: Temperature and Flows

Schmi

247

treamer

_ Flow variability vs. Intensity Cavity Varlablllty of plane—of-sky

t_& Gibson 2013

Prominence flows is likewise enhanced in

Poisson baseline ] ]
caV|ty relative to streamer.
1

_:Cavity and prominence flows
are spatially and temporally
correlated.

Variability in temperature-sensitive line ratio indicates

29 - Streamer Dominated

2.0}
1.8}

1.
L

1.
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multiple temperatures are present at a given height
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t
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|y RSN DRI S 4
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Kucera et al. 2012 Plane of Sky Altitude (Rg,,)

Sarah Gibson

Is cavity hotter or cooler than surrounding streamer? Yegs
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Cavity properties: Temperature and Flows

treamer|
Cavity:Variability of plane-of-sky

_ Prominence.flo\ys js likewise enhanced in
Poisson baseline

‘cavity relative to streamer.

_:Cavity and prominence flows
are spatially and temporally
correlated.

Schmit & Gibson 2013
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Cavity properties: Temperature and Flows

treamer|
Cavity:Variability of plane-of-sky

_ Prominence.flo\ys is likewise enhanced in
Poisson baseline;

‘cavity relative to streamer.

jCavity and prominence flows
are spatially and temporally

, .correlated.
Schmit & Gibson 2013

Schmit et al 2013
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Cavity properties: Temperature and Flows

treamer|
Cavity:Variability of plane-of-sky

_ Prominence.flo\ys is likewise enhanced in
Poisson baseline;

‘cavity relative to streamer.

_;Cavity and prominence flows
are spatially and temporally
correlated.

Schmit & Gibson 2013

t = 2.78 hrs 171A

150 Mm
Schmit et al 2013

125
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Cavity properties: Flows (swirling)
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Cavity properties: Flows (swirling)

e

md Gibson, 2013
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Cavity properties: Flows (swirling

e ——— e

A\ vy
md Gibson, 20}

oW along neld lines HOth T1uX 0] [ 8l ‘ 1d :

‘ B
B

nterpretation

’ 1/ 7 1/ I/ v /
{ C Wraps around axis
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Cavity properties: Flows (Bulls-eye!)

POS-flow (AIA) LOS-flow (Doppler)”
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Cavity properties: Flows (Bulls-eye!)

POS-flow (AlA) LOS-flow (Dop plerrr
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Cavity properties: Flows (Bulls-eye!)

POS-flow (AIA) LOS-flow (Doppler)”
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Lollypops (Cavity substructure)
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Lollypops (Cavity substructure)
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Lollypops (Cavity substructure)
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Lollypops (Cavity substructure)

A '.f\"‘

Horn-like structures and
central voids, above
prominence and
within cavity
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Lollypops (Cavity substructure)
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Lollypops (Cavity substructure)

High-temperature soft-X-ray cores
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Lollypops (Cavity substructure)

High-temperature soft-X-ray cores

Temp (Be/Ti-poly)
Temp (Be/Al-poly)

Temp (MK)

EM (Be/Ti-poly)
EM (Be/Al-poly)

100 200 300 400 500
Clockwise distance along arc (arcsec)

Reeves et al., 2012
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Lollypops (Cavity substructure)

Temp (Be/Ti-poly)
Temp (Be/Al-poly)

Temp (MK)

EM (Be/Ti-poly)
EM (Be/Al-poly)

100 200 300 400 500
Clockwise distance along arc (arcsec)

Reeves et al., 2012

11/13/2014 Sarah Gibson Coupling and Dynamics in the Sun’s Atmosphere



Lollypops (Cavity substructure)

High-temperature soft-X-ray cores

Temp (Be/Ti-poly)
Temp (Be/Al-poly)

Temp (MK)

EM (Be/Ti-poly)
EM (Be/Al-poly)

100 200 300 400 500
Clockwise distance along arc (arcsec)

Reeves et al., 2012
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Lollypops (Cavity substructure)

High-temperature soft-X-ray cores

Temp (Be/Ti-poly)
Temp (Be/Al-poly)

Temp (MK)

EM (Be/Ti-poly)
EM (Be/Al-poly)

100 200 300 400 500
Clockwise distance along arc (arcsec)

Reeves et al., 2012
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Lollypops (Cavity substructure)

~ & - . i . . B ~ { , v d = o N = 4 v
Interpretion: Dipped vs. non-dipped 1neld lines

RUNE1, TIME 80

simulation similar to Fan, 2012
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Lollypops (Cavity substructure)

~ & - . i . . B ~ { , v d = o N = 4 v
Interpretion: Dipped vs. non-dipped 1neld lines

RUNE1, TIME 80

simulation similar to Fan, 2012
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Lollypops (Cavity substructure)

RUN E1, TIME 80

simulation similar to Fan, 2012
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Lollypops (Cavity substructure)

RUNE1, TIME 80

simulation similar to Fan, 2012
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Lollypops (Cavity substructure)

RUN E1, TIME 80
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Lollypops (Cavity substructure)

Interpretion: Dipped vs. non-dipped field lines

IUNE1, TIME 80

Variable flows and temperature
—~ 4 ) N 4 ‘
would project into but not fill the

Hux-rope cavity volume
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Lollypops (Cavity substructure)

Interpretion: Dipped vs. non-dipped field lines

IUNE1, TIME 80

Variable flows and temperature
—~ 4 ) N 4 ‘
would project into but not fill the

Hux-rope cavity volume
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Lollypops (Cavity substructure)

Interpretion: Dipped vs. non-dipped field lines

IUNE1, TIME 80

Variable flows and temperature
—~ 4 ) N 4 ‘
would project into but not fill the

Hux-rope cavity volume
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Lollypops (Cavity substructure)
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Lollypops (Cavity substructure)

11/13/2014

v
R

Current sheet forms below center of flux rope, with dense
horn-like enhancement

Reconnections lead to flows and low-density/high-
temperature center internal to cavity (lollypop-like) Fan (2012

ara




Lollypops (Cavity substructure)
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Lollypops (Cavity substructure)

> Fan, 2012
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Lagomorphs (Linear Polarization)
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Lagomorphs (Linear Polarization)
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Coronal Multichannel Polarimeter (CoMP): new coronagraph that measures
the Stokes vectors and the velocities in optically thin coronal emission lines
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Lagomorphs (Linear Polarization)

Primary observable: fraction of linearly-polarized light (L/I)
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. strong signal: B in plane-of-sky (POS)
zero: B along line-of-sight (LOS)
zero: Van Vleck angle between B and radial ~54

L/1 direction = POS component of B
(integrated along LOS!)
* flips by 90 degrees at Van Vleck angle

Coronal Multichannel Polarimeter (CoMP): new coronagraph that measures
the Stokes vectors and the velocities in optically thin coronal emission lines
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Lagomorphs (Linear Polarization)

Primary observable: fraction of linearly-polarized light (L/I)
. strong signal: B in plane-of-sky (POS)
zero: B along line-of-sight (LOS)
zero: Van Vleck angle between B and radial ~54
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B o o i
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L/1 direction = POS component of B
(integrated along LOS!)
* flips by 90 degrees at Van Vleck angle

—— o o i —

SCOEESERL N Sensitive to presence of coronal

N ———————

IZSiagh -;5.@' currents (Judge et al., 2006)
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Coronal Multichannel Polarimeter (CoMP): new coronagraph that measures
the Stokes vectors and the velocities in optically thin coronal emission lines
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Lagomorphs (Linear Polarization)
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Lagomorphs (Linear Polarization)

11/13/2014 Sarah Gibson Coupling and Dynamics in the Sun’s Atmosphere



Lagomorphs (Linear Polarization)
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Lagomorphs (Linear Polarization)

Lagomorph “head” collocated
with cavity

2012-03-20T19:30:07.84 AIA 193 A signal

141 12
{Y_pos Rsun)
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L/1 structures width (Rsun)

Lagomorphs (Linear Polarization)

Lagomorph and cavity sizes correlate

Lagomorph “head” collocated
with cavity

0.16 0.20 0.25 0.30
EUV cavity width (Rsun)

SDO  2012-03-20T19:30:07.84 AlA 193 A signal CoMP L/1 signal CoMP 2012-03-20 18:21:40 (LN)
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Lagomorphs (Linear Polarization)

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

11/13/2014 Sarah Gibson Coupling and Dynamics in the Sun’s Atmosphere



Lagomorphs (Linear Polarization)

Model B (POS) Model L/I (POS)
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Lagomorphs (Linear Polarization)

Model B (POS) Model L/I (POS)
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Lagomorphs (Linear Polarization)

Model B (POS) Model L/I (POS)
Van Vleck inversion in flux rope
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Van Vleck inversion in flux
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Bak-Steslicka et al., 2013
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Liftoff! (Cavity clues to CMEs)

DATA:AIA_193_2012—05—16T14:45:08
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Liftoff! (Cavity clues to CMEs)
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Liftoff! (Cavity clues to CMEs)

DATA:AIA_193_2012—05—16T14:45:08

1‘3IlllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1.2

Cavities “bodily”
erupt as CMEs

117

1.0

Note the shape
(tear-drop)
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Liftoff! (Cavity clues to CMEs)

2012-05-14 06:00 2012-05-14 12:00 2012-05-14 18:00 2012-05-15 00:00
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Liftoff! (Cavity clues to CMEs)

.
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Liftoff! (Cavity clues to CMEs)

Shape predicts
eruption
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Liftoff! (Cavity clues to CMEs)

Shape predicts
eruption
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Liftoff! (Cavity clues to CMEs)

Shape predicts
eruption
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Liftoff! (Cavity clues to CMEs)

Shape predicts
eruption
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Liftoff! (Cavity clues to CMEs)

Shape pr.edicts 10% semicircular erupted
eruption 23% elliptical erupted

68% of tear-shaped erupted
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Liftoff! (Cavity clues to CMEs)

t 085 tA 105 tA

Aulanier et al
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Liftoff! (Cavity clues to CMEs)

Also, Savcheva et al, 2012; Fan, 2012
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Conclusions: Lollypops
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Conclusions: Lollypops
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Conclusions: Lollypops

Height (R.)
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Conclusions: Lollypops
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Tether-cutting reconnection (only for

immediately pre-eruption?) IR
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Conclusions: Lagomorphs
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Conclusions: Lagomorphs
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Lagomorphs
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Conclusions: Liftoff

[H]_ 11/13/2014 Sarah Gibson Coupling and Dynamics in the Sun’s Atmosphere




Conclusions: Liftoff
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Conclusions: Liftoff
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Torus instability may be sufficient, but does
not seem to be necessary for eruption.
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Conclusions: Liftoff
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Torus instability may be sufficient, but does
not seem to be necessary for eruption.

As we begin to measure the coronal fields themselves, is there a
property: helicity, free energy, complexity, topology -- that we could
measure to tell us that eruption is inevitable?
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Conclusions:

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

As we begin to measure the coronal fields themselves, is there a
property: helicity, free energy, complexity, topology -- that we could
measure to tell us that eruption is inevitable?

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