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Presenter
Presentation Notes
Hello everyone, my name is Emily Mason, I’m a NASA Postdoctoral Fellow at Goddard Space Flight Center, and this is my talk entitled Trigger Shy: A Rosetta Stone Solar Eruption.
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Presenter
Presentation Notes
This is a brief overview of the flow of the talk; first I’ll cover some basic context of the Sun’s atmosphere and solar eruptions. Then I’ll highlight a few of the main open questions in the field, before moving into the observations of this particular event. In the discussion, we’ll cover how this event sheds light on those open questions, and close with implications for further study.



Background: Corona
Sun’s atmosphere

2 driving components
Magnetic field
Heating

We haven’t observed either one 
directly, so we use plasma as 
tracer

Presenter
Presentation Notes
The corona is, simply, the Sun’s atmosphere; it can be thought of in two parts, the magnetic field and coronal heating. The image on the right is a multi-wavelength composite image of the corona. The magnetic field is visualized here as the faint lines drawn over the image, using a potential field source surface extrapolation.[click]Coronal heating is a central challenge in the field; we have many theories on how plasma in the solar atmosphere is heated to millions of degrees, but little conclusive evidence that any one (or more) of them are correct.In fact, we haven’t observed either the magnetic field or coronal heating directly. Instead, we use emission from the plasma as a tracer both for heating/cooling cycles and the formation of the magnetic field in a given region.



Background: Corona
Typical temperatures: 1 – 10+ MK

Density range: 105 – 1012 cm-3

Magnetic field strength range (G): 1 – 1000+

Plasma beta: generally <1

Gyroradii: order of 1 m for electrons, 1 cm for protons

Presenter
Presentation Notes
These are some quick statistics on the corona; typical temperatures are a few Megakelvin, while 10 or more is commonly associated with flares. Likewise, the density is lowest in coronal holes, while higher densities are found in short closed loops. The average magnetic field in either hemisphere is generally only a few Gauss, but a few kilogauss is common in active regions.



Background: Coronal Observation Methods

Extreme Ultraviolet (EUV): 100 – 1240 Å

Solar Dynamics Observatory Atmospheric 
Imaging Assembly (SDO AIA)
 171 Å (600,000 K)
 193 Å (1 MK)
 304 Å (50,000 K)

STEREO-Ahead EUV Imager (EUVI)
 195 Å (1.5 MK)
 284 Å (2 MK)
 304 Å (50,000 K)

Presenter
Presentation Notes
Most of my research is done focusing on the extreme ultraviolet range of plasma emission, and this talk in particular deals with data from the Solar Dynamics Observatory and STEREO-A. There are generally two types of remote sensing instruments that use EUV; bandpass and spectral imagers. Spectral imagers are much more precise in being able to pick out a single ion transition and its associated plasma characteristics. However, they pay for this precision by a very limited field of view, restricted to narrow slit observations that must be stacked into non-simultaneous rasters to build even small images. Bandpass imagers, on the other hand, can capture the entire disk in one exposure, giving a great deal more spatial context, but the filter by necessity covers a broader range of wavelengths, somewhat obscuring the exact temperatures being viewed.Both AIA and EUVI are multi-filter bandpass imagers, which allows us to track plasma as it is heated and cooled in the corona by observing several wavelengths contemporaneously. The five wavelengths used in this talk are listed under each instrument, and correspond to a temperature range between about 0.05 and 2 MK.



Background: Coronal Structures

Open structures: coronal holes 
(red and blue lines)

Closed structures (white lines):
Helmet streamers
Active regions
Null-point topologies

Uzzo et al., 2006

Presenter
Presentation Notes
So now we’ve covered how we observe the corona, but not what we’re actually observing. This is where the magnetic field takes center stage; it acts as a framework for structures that are populated by the plasma. These structures can be broken up into two major camps – open and closed. There’s really only one type of open structure, but many closed ones; we cover only a few of the relevant ones here. Open structures are called coronal holes; “hole” refers to the fact that they appear as dark regions in most EUV wavelengths. The shorthand “open” field does not mean we’re trying to break Gauss’ Law. Rather, it means locally open – only one end of the field in these regions connects to the Sun; the other end may connect as far away as the heliopause on the edge of the Solar System, or to any other point far away from the Sun’s surface. The approximate extent of the open field is shown in this image by the red and blue lines near the poles, much like the north and south ends of a bar magnet. By contrast, both footpoints of the white lines can easily be seen connecting to the Sun, representing the closed field.[click]Helmet streamers are the largest and simplest of the varieties of closed structures on the Sun; these are essentially the Sun’s distorted dipole field. They connect two regions (often the polar fields) of opposite polarity, and are drawn out into this cusp shape by the continuous outflow of nascent solar wind.[click]Active regions, on the other hand, are strong, localized dipolar regions of magnetic field, as seen in the HMI magnetogram in the bottom right. The magnetogram shows the line-of-sight component of magnetic field at the photosphere. The video shows how the two polarities (negative in black, positive in white) evolve over about 10 days. In the corona, loops form in the atmosphere connecting the two polarities, making the bright region indicated by the red arrow in the EUV image. The plasma in active regions tends to be some of the hottest and densest in the corona, which is why it appears so bright in the EUV.[click]Null-point topologies form in several situations, but the type we’ll be focusing on in this talk form from decaying active regions, and so share many of the same observational attributes. We’ll talk about these structures in more depth on the next slide.






Background: Null-Point Topologies (NPTs)

Diverging field lines lead to region 
of B = 0

Ubiquitous in low corona (one for 
every polarity inversion line)

Can vary widely in size (< 1 Mm to 
>>100 Mm)

Credit: Pariat et al. 2009

Spine

AIA 171 2016-04-16T05:07:11

Null

Credit: Mason et al., 2019

Presenter
Presentation Notes
Null-point topologies, or NPTs, are very common structures in the corona, formed whenever field lines diverge in a region.[click]This diagram shows the basic anatomy of an NPT. At the surface, a small parasitic polarity region (positive in this case) emerges in a mostly unipolar opposing field. The dotted black line denotes the polarity inversion line, and the blue field lines close across it, similar to the closed loops of an active region, as one would expect. The NPT gets its name from the null region, seen here as the gap between the closed blue field lines and the white open field converging above the dome or fan (the two terms are interchangeable).[click]When observed in the EUV, NPTs look like this; you can see the closed dome beneath the null, and then the open outer spine extending up into the upper corona. Sometimes the null region itself is visible as a dark region unpopulated by plasma, but that depends on how much open field you’re looking through surrounding it. These structures come in a wide variety of sizes, from tiny jets commonly observed near the poles to large pseudostreamers extending a significant fraction of a solar radius above the surface. We will focus on mid-sized NPTs, about 75-100 Mm in size.



Background: Prominences/Filaments

Regions of strong shear produce 
long, dipped magnetic field lines

These collect cool material, usually 
appear as dark strands

Termed prominences when viewed 
on limb, filaments on-disk; same 
structure

These frequently end their life 
cycles by causing solar eruptions

Presenter
Presentation Notes
Frequently within NPTs, a prominence or filament will form around the polarity inversion line. The two terms are equivalent; historically, filaments were identified as the dark structures seen on-disk like the image at right, while prominences were the glowing walls of plasma visible on the limb, like the red ring in the image on the left. However, as is the case on this slide, the two signatures belong to the same structure. The strong shear along the inversion line produces very long, largely horizontal, dipped field lines. The field lines collect plasma that is much cooler than that in the rest of the corona. These structures build up large amounts of energy due to the shear, often causing solar eruptions. We’ll take a look at these dramatic solar events starting on the next slide.



Jet

CME

SDO AIA 171 Å
SOHO LASCO C2

(running difference)

Presenter
Presentation Notes
This video is a composite of SDO AIA 171 and SOHO LASCO C2, which is a coronagraph. In a coronagraph, the Sun itself is blocked out (that’s the black disk) so that the much dimmer structures above the surface can be clearly observed. Coronagraphs like LASCO collect the white light gathered from Thomson scattering, and the movie shown here is a running difference of that data, which helps to identify dim moving structures.Here we can observe two of the main types of solar eruption, which are termed jets and coronal mass ejections (or CMEs). The jet will be outlined on the left side of the image, followed by a CME on the right.[click, let play a few times, then click]These stills show the two eruptions for easier comparison. The jet (on the left) is very narrow and simple, just a column of plasma moving outwards. The white part shows where the brightening is occurring, and the dark signature trailing it shows where the plasma was in the previous image and that the image has since dimmed as the plasma moves outward. The CME, on the right, is much wider and has a lot of structure, like the distinct ring signature at the top. On the next slide, we explore the characteristics of both types of eruption.






Background: Solar Eruptions

CMEs Jets
Velocity 300 – 2000+ km s-1 50 – 600 km s-1

Angular Width 20˚ – 120˚ ~3˚
Kinetic Energy 1029 – 1032 erg 1025 – 1029 erg
Est. Mass Ejected 1014 – 1016 g 1011 – 1015 g
Common Defining 
Eruption Structure 3-part bubble Helical or columnar

2 traditional classes: CMEs and jets

CMEs characterized by ejection of flux rope and 
plasma

Jets characterized by ejection of unstructured 
plasma released along already-open field

Credit: Holman 2016

Credit: Wyper et al. 2017

Credit: Kumar et al. 2018
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Presentation Notes
The main difference between jets and CMEs is that jets simply release plasma into the heliosphere, while CMEs also eject magnetic field, in the form of a flux rope. On the right is a diagram showing how magnetic reconnection along a series of coronal loops produces the flux rope. Reconnection occurs along the pinched region shown in the top half of the diagram, and results in a single long, slinky-like magnetic field line with many shorter loops below.[click]This diagram shows the flux rope (the black loop) in cross-section, extending outwards as the main core of the CME.[click] And this observation shows the same structure as the classic 3-part CME, with the leading edge of piled-up plasma, the cavity of the flux rope, and the bright core of cool prominence material being ejected.[click]By contrast, the jet here is obviously far less structured, appearing as a simple column of plasma being propelled out of the corona.The table at the bottom summarizes the major statistical characteristics of the two phenomena. As seen here, there are a few areas of overlap, namely velocity and the estimated mass ejected, but for the most part they are easily differentiable.



Background: Failed Eruptions

Not all eruptions succeed
Eruption driver can cut off 

prematurely 
Material can fail to reconnect 

onto open field

Presenter
Presentation Notes
However, not all eruptions succeed even in allowing plasma to escape the lower corona, much less magnetic field. This movie shows two wavelengths of a well-known failed eruption; note how much more material is visible falling back to the surface in the left panel, which is taken at a cooler wavelength. There are a few possible reasons for failed eruptions, like the driver cutting off prematurely or the failure of plasma to reconnect onto open field and thus escape, but there are many eruptions whose failure we cannot yet fully explain.



Central Open Eruption Questions

All eruptions (jets, CMEs, and failed eruptions) are driven ultimately 
by shear; but –

 What determines which type of eruption results?
 How does the surrounding magnetic field topology affect eruption 

likelihood and dynamics?
 Why do they erupt at all?

Presenter
Presentation Notes
So how do we connect these eruptions – jets, CMEs, and failed eruptions – which appear so differently in observations? Ultimately, all eruptions are driven by the energy built up through shear, but there are a lot of unanswered questions about the details, like what exactly determines which type of eruption occurs? How does the magnetic field around and above the erupting structure affect the dynamics? And what causes the eruption in the first place? These are the questions which the event we now turn to helps to answer.



2016 March 12-13 Eruption

Why this event?

Shows characteristics of all 
three types of eruptions

Gives physical insight to open 
questions

Presenter
Presentation Notes
This event, an eruption of an NPT that occurred over two days in March 2016, shows characteristics of a jet, a CME, and a failed eruption all in one compact package. This makes it an excellent study for trying to determine what generates eruption features, and gives us physical insight into the questions raised on the last slide.






2016 March 12-13 Eruption

Active region (AR) first 
appeared in January (NOAA 
12488 & 12501)

Built circular prominence by 
early March

Prominence underwent at 
least 3 partial eruptions, none 
of which substantially 
changed its configuration

Presenter
Presentation Notes
The NPT started out as an active region that lasted for several Carrington rotations, and it was identified twice by NOAA. On the magnetogram in the top left you can see how well-isolated the negative polarity region (circled in red) is within the positive polarity, setting up precisely the magnetic conditions for an NPT to form. By March 1, the filament had become a closed shape that encompassed the entire polarity inversion line. This prominence had at least 3 partial eruptions, some of which were successful in ejecting cool plasma, but none of which really changed the prominence significantly.



2016 March 12-13 Eruption

Classic null-point 
topology

Conflict about 
open/closed spine 
between models 
and observations

Outer
Spine

Null Point

Dome/Fan Surface

SDO AIA 171 Å
SDO AIA 304 Å

2016/02/27

Presenter
Presentation Notes
These views show the same structure in the corona; on the top left you can see the prominence as the dark hedgerow-like structure near the surface, with the closed loops, null point, and outer spine above. The panel at top right shows the structure circled in yellow, where the potential field extrapolation considers it to lie beneath closed field. This is likely due to the inherent limitations of the extrapolation inputs; but it still highlights that the structure is either very close to or actually within the closed-field region. The bottom panel, however, follows the signature of the outer spine into the field of view of LASCO C2, which is stronger observational evidence that the NPT is really within the open field region just north of the helmet streamer, at least at this point in its evolution.



2016 March 12-13 Eruption

Slow Rise: 
>30 hours 

(March 12 10:00 UT – March 
13 19:30 UT)
Avg. rise: ~0.2 km s-1

Fast Rise: 
~30 min. 

(March 13 19:30 – 20:08)
Avg. rise: 388 km s-1

Presenter
Presentation Notes
[click]The slow rise phase occurs over the entire first day of the event, occupying over 30 hours during which the prominence climbs slowly towards the null region without any major reconfiguration of the NPT.I took a slice along a line perpendicular to the prominence, approximately here, and made time-distance maps to show the prominence’s rise.[click]The top graph shows predominantly the slow rise phase.The bottom graph shows the fast rise phase at higher temporal resolution, as the entire phase takes less than 40 minutes. During this time, the prominence undergoes significant acceleration. Precise measurements are difficult, since much of the plasma is in absorption even in 304, and it’s rising into the off-limb region. However, the average rise velocity reached almost 400 km/s.






2016 March 12-13 Eruption

STEREO-A was well-
positioned to view 
eruption on the limb Event

Presenter
Presentation Notes
Now we’re going to look at the eruption in its full context using STEREO and SDO in multiple wavelengths. We’ll start with STEREO, which was well-positioned to view the backside of the event.[click]This video will show 3 wavelength observations; for the first two, watch how the top of the dome takes off suddenly, ahead of the prominence, and escapes the field of view without slowing. For the third, focus on the prominence material reaching a maximum height near the edge of the field of view and then draining back down to the surface.[click]






Presenter
Presentation Notes
This movie shows AIA 171, 193, and 304 Å data of the eruption's rapid phase, which have been processed to bring out greater detail. I’m going to play this entire movie through once without my talking through it, so that everyone can focus on watching the eruption. Then I’ll play it a second time and we’ll go through some important aspects of the eruption.[click]






Presenter
Presentation Notes
Ok now we’re going to go through the movie again.[click]171: Here you can see clearly how early the dome lifts off. The prominence does not interact with the dome. Also part of the border of the helmet streamer can be seen as a persistent light band slightly behind the eruption. Note how the plasma drains onto the opposite half of the prominence from which it originated. This unfortunately is a short period of data drop-out.193: In this wavelength you can see some of the prominence plasma transition from absorption to emission as it is heated by reconnection, particularly along the front edge on the northern leg and the back edge of the southern leg. As the prominence tries to curve northward on its way back to the surface, it appears to hit a wall that is likely the coronal hole border, keeping the failed eruption narrow in angular scope.304: The detail on this movie is the lowest of the three, as I mentioned before the plasma is so cool that it appears mostly in absorption, even in 304, and is quite hard to pick out on the limb until it is heated as it rises. However, you can see that the northern edge undergoes the same restriction as I pointed out in 193, even more clearly. One of the open question of this event regards the fate of the field lines once the material has drained off of them. Do they remain well above the surface, but depleted of plasma, or do they reconnect into open field or the helmet streamer?






2016 March 12-13 Eruption

SOHO LASCO C2 captured the 
CME resulting from this failed 
eruption

~700 km s-1 velocity

16˚ half-width

Poorly structured

Presenter
Presentation Notes
Now we can turn to the CME which was launched by this event. On the left side of this coronagraph, the helmet streamer stalk extends out to the south. The CME will be just to the north of this, and will nudge the helmet streamer south as it moves.[click]I’ll let this loop a few times…as is evident here, the CME is relatively narrow and poorly-structured; this is even clearer when compared to the classic CME that launches in the extreme north shortly after our event. The strong bubble signature in the northern CME is completely absent in the fluffy CME off the eastern limb.






2016 March 12-13 Eruption

SOHO LASCO C2 captured the 
CME resulting from this failed 
eruption

~700 km s-1 velocity

16˚ width

Poorly structured

CMEs Jets
Velocity 300 – 2000+ km s-1 50 – 600 km s-1

Angular 
Width 20˚ – 120˚ ~3˚

Common 
Defining 
Eruption 
Structure

3-part bubble Helical or 
columnar

There are at least 3 other failed eruptions with similar 
characteristics; this represents a class of intermediate 
eruption events.

Presenter
Presentation Notes
[click]The outward speed of the eruption is just outside the range for jets listed earlier, but well within typical CME speeds.[click]The angular width is in between the two ranges, too narrow for even the most conservative CME width definition, but too broad for a jet.[click]The poor structure is more reminiscent of a jet, although there is more apparent variation in the plasma density in this event than the simple columns of plasma seen ejected from jets.[click]This event is not unique; we have found at least 3 other failed eruptions with similar characteristics, and several similar events have been published by other authors commenting more briefly on the in-between nature of the resultant eruptions. This event is simply one example of an entire class of events, which themselves occupy just part of a continuous eruption spectrum.



Discussion

Wang 2015 found that pseudostreamer 
CMEs were narrower and slightly slower 
than traditional “bubble” CMEs; attributed 
confinement to surrounding open flux

Roughly 40% of CMEs observed in 
coronagraphs have a messy profile that 
doesn’t match the classic 3-part structure

Credit: Wang 2015
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Presentation Notes
In 2015, Wang Yi-Ming found that pseudostreamer CMEs had different characteristics from classic helmet streamer CMEs, similar to the event presented here (remember, a pseudostreamer is a type of NPT). He attributed the angular confinement to the surrounding open field.Angelos has found in his statistical studies of CME observations that about 40% of CMEs have a messy profile that doesn't match the traditional structure, and cannot be explained simply by viewing angle. These points are evidence for a difference in the eruption dynamics, likely caused by the nature of the magnetic structure which is erupting.



Discussion

Inherent magnetic structure of 
null-point topology makes it likely 
that flux rope gets destroyed via 
reconnection as it rises, before it 
can erupt and make a classic 3-
part CME

Explains why CMEs originating in 
simple bipolar topologies are well-
structured, while those in null-
point topologies have little 
structure

Credit: Pariat et al. 2009

Wyper, Devore, & Antiochos 2018

Presenter
Presentation Notes
Because any flux rope rising in an NPT is inherently going to come into contact with open field as it expands, it is likely to be eaten away and completely destroyed before it can erupt into the upper corona and form the classic bubble CME structure. What escapes instead is not magnetic field, but simply the blobs and strands of plasma which were able to reconnect onto an open field line, just as in the model of a jet seen at right. This simple dynamic is capable of explaining why CMEs from simple structures like helmet streamers have their coherent structure, as well as why those originating in NPTs do not. The eruption dynamics are different because the originating structure is different, while the eruption mechanism itself remains the same.



Discussion: Eruption Details

171 Å:

Very thin line of 
reconnection along 
southern arm of 
prominence

Whorl of returning 
material on northern arm

Presenter
Presentation Notes
Now that we’ve discussed what the dynamics may be that affect the different eruptions, I’m going to go back to the processed AIA data and point out with still frames a few of the relevant aspects of this event. We suspect that this very thin line of reconnection is caused by the outward (with respect to the NPT) pressure of the expanding prominence and the inward pressure of the helmet streamer boundary to the south bringing the field lines into close enough proximity to fuel reconnection.[click]This whorl of plasma along the northern arm may well be the site where the flux rope is being eaten away, and allowing the plasma to return to the surface on the opposite side from which it originated. This would explain why the eruption does not fully evolve, and how the CME appears to just be the unstructured hotter plasma from around the null region that escapes so early in the event, while the cool material drains back to the surface instead.



Discussion: Eruption Details

193 Å:

Ribbons and post-flare 
arcades present, without 
apparent flare trigger

Presenter
Presentation Notes
In 193 you can see flare ribbons -- the bright lines appearing on the surface -- and post-flare arcades -- the bright arches of superheated plasma. Both of these are standard aspects of energetic flares, however here they occur without any typical flaring signature earlier in the event. There is reconnection brightening, as pointed out in the previous slide, but that reconnection is much higher in the corona than typical flaring signatures occur, and its location does not match well to the ribbon locations shown here.



Discussion: Eruption Details

304 Å:
Confined expansion of 

prominence material as it 
rises

Possible escape of small 
amount of cool material

Presenter
Presentation Notes
Prominences generally release in an outward-expanding blow-out, or lash out like a whip from the surface as one end reconnects into open field. However, here in 304 the confined angular scope of the failed eruption is obvious. Both ends are still connected to the surface, and the loops are tall but very narrow. This confinement is similar to that which Wang discussed in his 2015 paper, and could be explained by the coronal hole’s open field to the north and the helmet streamer’s border to the south of this NPT, as in part he anticipated.[click]As a last detail, it is possible that this portion of the prominence does successfully erupt. The line of plasma can only be seen clearly at one end, while the other end escapes the field of view in both SDO and STEREO imagery. However, the majority of the prominence remains to drain back to the surface as we have shown.



Discussion: Trigger Absence

Absence of trigger signature 
but presence of ribbons and 
post-flare arcade points to 
lower-energy reconnection 
mechanism than previously 
reported

Presenter
Presentation Notes
Connected to the point on reconnection dynamics, I would also like to highlight that the absence of an obvious flare trigger but the presence of secondary flare evidence may mean that a lower-energy reconnection mechanism is at play in relatively stable events. Slower reconnection may not require or generate the same energy that is observed as flare brightening in more powerful events. This will require greater investigation to confirm, and to incorporate into our current models of long-lived boundary regions.



Discussion: Open/Closed Boundary

Structure lies in the 
open/closed boundary region

Possibility that overlying field is 
interchange reconnecting 
continuously; would constrain 
eruption and aid failure

Coronal Hole

NPT

Helmet Streamer

Presenter
Presentation Notes
As previously discussed, this structure lies in the region bordering both a coronal hole and a helmet streamer, and appears to be affected by both. The open/closed boundary region is theorized to be a messy place where interchange reconnection is occurring continuously; it is possible that the field immediately overlying the NPT studied here is in fact opening and closing repeatedly. This could essentially “keep a lid” on the NPT, constraining the eruption and stopping the prominence field lines from successfully reconnecting onto open field and allowing plasma ejection. 



Summary

“Rosetta Stone” event:
Bridges jet-CME continuum
Provides simple explanation for variety in eruption structures

Intriguing example event for future study on prominence formation, 
AR decay, and partial eruptions

Simple topology embedded in open/closed region useful study for 
MHD simulations to probe boundary dynamics

Presenter
Presentation Notes
In summary, we term this event a “Rosetta Stone” because it bridges the gap between jets and CMEs, and provides evidence that these are not isolated and unique eruption mechanisms but events on a continuum determined by origin topology. Since this event features multi-messenger observations throughout a long lifespan, it is a perfect example event for studying related topics like prominence formation, active region decay processes, and partial eruptions.Finally, since the magnetic structure of this event and its surroundings are relatively simple and symmetric, it would be a useful and straightforward study to conduct in magnetohydrodynamic simulations to further investigate the dynamics of the open/closed boundary.



Acknowledgements

 Jason and Princeton for inviting me
 Spiro and Angelos, my co-authors on the paper (submitted to ApJL)
 NPP advisor Peter Young and USRA

Questions?

Presenter
Presentation Notes
I would like to thank Jason and Princeton for inviting me to give this talk, and for allowing me to do so via recording. Also thanks to Spiro and Angelos, my co-authors on the paper this talk presents, which was just submitted. And thank you to my NPP advisor Peter Young for supporting my research and development. Thank you!


	Trigger Shy? 
	Outline
	Background: Corona
	Background: Corona
	Background: Coronal Observation Methods
	Background: Coronal Structures
	Background: Null-Point Topologies (NPTs)
	Background: Prominences/Filaments
	Slide Number 9
	Background: Solar Eruptions
	Background: Failed Eruptions
	Central Open Eruption Questions
	2016 March 12-13 Eruption
	2016 March 12-13 Eruption
	2016 March 12-13 Eruption
	2016 March 12-13 Eruption
	2016 March 12-13 Eruption
	Slide Number 18
	Slide Number 19
	2016 March 12-13 Eruption
	2016 March 12-13 Eruption
	Discussion
	Discussion
	Discussion: Eruption Details
	Discussion: Eruption Details
	Discussion: Eruption Details
	Discussion: Trigger Absence
	Discussion: Open/Closed Boundary
	Summary
	Acknowledgements

