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PropagaPon	  and	  space-‐weather	  Tools	  



PROPAGATION	  TOOL:	  propagaPontool.cdpp.eu	  

ConnecPng	  datasets:	  

Developing	  space-‐weather	  apps:	  



-‐>	  A	  tool	  to	  help	  scienPsts	  (working	  on	  the	  Sun,	  the	  interplanetary	  medium	  and	  planets).	  
	  
The	  tool	  was	  created	  to:	  
	  
-‐  Provide	  a	  summary	  view	  of	  the	  posiPon	  of	  spacecraV,	  planets,	  the	  orientaPon	  of	  	  
cameras,	  simple	  localisaPon	  of	  CMEs,	  flares,	  CIRs)	  and	  in-‐situ	  data.	  
	  
	  
-‐  Provide	  a	  summary	  view	  of	  all	  HELCATS	  catalogues	  (CIRs,	  CMEs),	  
	  
	  
-‐  Provide	  access	  to	  the	  simplest	  fiZng	  techniques	  (Fixed	  points,	  SSE),	  

-‐  Provide	  easy	  access	  to	  data	  centers	  including	  their	  respecPve	  tools	  (JHelioviewer,	  AMDA)	  

-‐  Run	  on	  all	  OSs	  (Mac,	  Windows,	  Linux),	  

-‐  Retain	  long-‐term	  funding	  (support	  of	  the	  French	  space	  agency	  (CNES)	  and	  CNRS).	  
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PROPAGATION	  TOOL:	  propagaPontool.cdpp.eu	  



Radial	  propagaPon	  (CME	  like:	  ballisPc,	  fixed	  point,	  
self-‐similar	  techniques)	  

CorotaPon	  (CIR	  like:	  ballisPc,	  fixed	  point)	  

SEP	  propagaPon	  (ballisPc	  along	  simple	  Parker	  spiral)	  



Tool	  to	  propagate	  a	  hypothePcal	  CME	  (source	  region/	  
speed,	  access	  to	  Drag-‐Based	  Model)	  

Tool	  to	  access	  HELCATS	  catalogues	  (CMEs	  and	  CIRs)	  

Tool	  to	  carry	  out	  your	  own	  fits	  (fixed	  point).	  



Inclusion	  of	  ENLIL	  J-‐maps	  



Inclusion	  of	  ENLIL	  J-‐maps:	  
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Inclusion	  of	  Illya’s	  CIR	  catalogue	  	  
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Inclusion	  of	  SSE	  



PROPAGATION	  TOOL	  



PROPAGATION	  TOOL	  



The	  data	  distributed	  by	  the	  propagaPon	  tool	  is	  ingested	  from	  a	  wide	  range	  of	  data	  providers:	  Based	  on	  the	  calculated	  departure	  and	  arrival	  Pmes	  of	  transients,	  high-‐speed	  streams	  or	  
parPcles,	  the	  tool	  offers	  access	  by	  web-‐service	  to	  datasets	  stored	  at	  the	  French	  data	  center	  
for	  plasma	  data	  (CDPP)	  or	  movies	  of	  the	  solar	  corona	  (MEDOC)	  The	  tool	  retrieves	  data	  from	  several	  data	  centers	  and	  data	  repositories:	  

PROPAGATION	  TOOL	  



Why	  do	  CMEs	  erupt	  in	  the	  form	  of	  magne;c	  flux	  ropes?	  
	  
Four	  main	  phases:	  buildup,	  instability,	  acceleraPon,	  and	  propagaPon	  (Forbes	  et	  al.	  2006;	  
Vrsnak	  2008).	  	  
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BUILDUP 	   	   	  INSTABILITY	   	   	   	  	  ACCELERATION	   	   	  	  	  	  	  	  	  PROPAGATION	  
New	  emerging	  	  
Flux	  
	  
Progressive	  
dispersion	  of	  the	  
whole	  flux.	  
	  
The	  buildup	  of	  a	  
very	  sheared	  field	  
in	  the	  vicinity	  of	  
PIL.	  
	  	  
The	  cancellaPon	  of	  
flux	  at	  the	  PIL	  	  
	  

The	  coronal	  magnePc	  
configuraPon	  becomes	  
unstable	  at	  some	  point	  
during	  the	  slow	  
evoluPon.	  	  
	  
MagnePc	  reconnecPon	  is	  
probably	  involved	  for	  the	  
transformaPon	  of	  the	  
magnePc	  configuraPon.	  	  
	  
ConfiguraPon	  gets	  
unstable	  when	  the	  FR	  
reaches	  a	  height	  where	  
the	  ambiant	  field	  is	  
decreasing	  fast	  enough.	  
	  

Laplace	  forces	  
	  
	  
Gravity	  (/buoyancy)	  

Drag	  
	  
	  
Compression/	  
Expansion	  
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Chen 1996 formulated EFR model used a circular shape of the flux rope.  

§  Non-axisymmetric 
§  With fixed foot points 
§  Minor radial is variable 
§  Uniformmajor radius expands 

x 

So bright features represent high density of plasma along the line of sight. Here is 
the classical three-part CME structure (Hundhausen 1993)  
This structure is interpreted as a magnetic flux rope.  
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The force density is given by:  
 

f = c−1JxB − ∇p + ρ∇φg

Earth	  

Sun	  



   EFR Model with fix elliptical shape 
	  

Krall 2006 formulated a new form of EFR model 
used a elliptical shape of the flux rope.  

§  Non-axisymmetric 
§  With fixed foot points 
§  Minor radial is variable 
§  CME is expanded as a ellipse with fix 
eccentricity . 
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3. MODEL RESULTS

In modeling this CME/ICME event, we endeavor to repro-
duce both the near-Sun CME morphology and dynamics, as
observed in coronagraph images, and the timing and charac-
teristics of the near-Earth ICME. We are particularly interested
in further testing the hypothesized relationship between the ex-
panding magnetic geometry of the CME and the resulting ICME
characteristics at 1 AU.

Here we apply the erupting flux rope (EFR) model (Chen &
Garren 1993; Chen 1996; Krall et al. 2000), but with mod-
ifications to the flux rope geometry and to the numerical de-
scription of the momentum transfer (drag) between the flux rope
and the solar wind. The former was required to obtain accurate
halo CME morphology, while the latter was introduced to better
reflect our current understanding of the connection between the
observed electron density, which is captured in coronagraph
images, and the underlying flux rope field.

The correspondences between the observed electron density
structure and the underlying model magnetic field, which have
been shown to work well for ‘‘flux rope CME’’ limb events
(Chen et al. 1997, 2000; Wood et al. 1999; Krall et al. 2001), are
further tested in this study. As before, we conjecture that the
‘‘cavity,’’ which is observed in limb CMEs, corresponds to a
density depletion on and around the curved axis of the flux rope
(Chen et al. 2000; Krall & Chen 2005) and that this density
depletion corresponds to a ‘‘current channel’’ (Chen & Garren
1993; Chen 1996) where the bulk of the current flows within the
flux rope. It is this central current channel that provides the
model magnetic-cloud–like fields at 1 AU.

3.1. An Updated Model Geometry for Flux Rope CME Events

In this paper, we use an updated version of the EFR model
described in Chen (1996) and Krall et al. (2000). Here the model
has been extended to better model Earth-directed ‘‘halo CME’’
events. As before, the model follows the motion of the apex of a
three-dimensional flux rope that has footpoints rooted below the
photosphere. As before, the model computes the evolution of the
apex height above the photosphere Z(t) and the current-channel
radius a(t) at the apex of the flux rope. As before, the bulk of the
current flows within this current channel and supports fields that
are assumed to be significant, relative to ambient solar wind
fields, out to a local radius of 2a. In the updated model, however,
the flux rope geometry has an elliptical shape, as in Figure 7,
instead of the previously used circular shape (Fig. 1 of Chen
1996). We refer to the ellipse traced out by the axis of the model
flux rope, shown in Figure 7b, as the flux rope ellipse.

The primary model outputs at each model time step are Z
(’2R1 in Fig. 7) and a, which is related to the observed density
width d by a ¼ d /4 (see Fig. 7a). This model-data correspon-
dence between a and d has been used consistently throughout all
of our CME event studies. These previous model-data compar-
isons generally focused on limb events that showed ‘‘evidence of
a magnetic geometry corresponding to a flux rope’’ (Chen et al.
1997). These events typically featured a prominent round ‘‘rim’’
expanding and moving outward from the Sun, while additional
features, ‘‘legs,’’ persistently connected the rim feature to the so-
lar disk. Because these previous studies focused on events in
which the flux rope geometry was viewed axially, as illustrated in
Figure 7a, the resulting morphologies would not have been af-
fected if the flux rope geometry had been assumed to be elliptical
rather than circular. Thus, the previous results remain valid, at
least qualitatively, even if further studies continue to support the
idea that flux rope–CME geometry is approximately elliptical.

The equations for the circular case are given by Chen (1996,
eqs. [2] and [9] and references therein) and repeated, with no-
tation closer to what is used in the present paper, by Krall et al.
(2000, eqs. [2] and [8]). Note that similar analyses, also for the
circular case, have been performed by Lin et al. (1998, eq. [16])
and Titov & Démoulin (1999, eq. [5]). The modified equations
used in the present study are given in the Appendix.

When modeling a halo CME, the underlying geometry is of
particular interest because observed motion in the plane of the
sky can differ significantly from the motion of the Earth-directed
CME mass. In the updated EFR model, the flux rope is a simple
construct that allows us to specify its geometry in terms of
three simple parameters, flux rope ellipse eccentricity ! ¼ ½1#
(R2/R1)

2$1/2, axial aspect ratio !a ¼ 2R1 /d, and the overall size.
The latter two parameters are related to model outputs a(t)
and Z(t), while ! is a model input and is adjusted to obtain
an optimum model-data match. Of course, it is the underlying
three-dimensional geometry that dictates the properties of the cor-
responding two-dimensional images, such as the shape of the
observed halo ellipse. For example, the model flux rope of Fig-
ure 7 has ! ¼ 0:78 and !a ’ 1:3. When viewed axially, as in
Figure 7a, the CME has a vertical width d ¼ 28:2 R%, and when
viewed broadside (Fig. 7b), it has a vertical width of 31:4 R%.
For this geometry, which corresponds to the model result at
12:18 UT discussed below, an exactly Earth-directed CME

Fig. 7.—Synthetic coronagraph images of the model flux rope CME at
12:18 UT showing (a) axial and (b) broadside views. Views correspond to
what might be seen with a large enough coronagraph field of view (the x-axis
extends from 0 to 50 R%). The flux rope axis is an ellipse with eccentricity
! ¼ 0:78 and major diameter 2R1 ¼ 35:8 R%. At this time, the width at the
apex is d ¼ 28:2 R%.
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In a series of papers by Krall it was found that CMEs could be well fitted with an axisymmetric 3D 
ellipse (Krall et al. 2006a; Krall & St. Cyr 2006b; Krall 2007) 
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plasma	  
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Burlaga	  et	  al.	  [2003]	  	  
Tsurutani	  et	  al.	  [1992]	  
Etc.	  
	  

Gosling	  et	  al.	  [1990]	  	  

à Shocks and sheaths largely impact geo-effectiveness 
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