Geofisica Internacional

ge :f 1S1Ca ISSN: 0016-7169
Inlﬂ mac:nnal silvia@geofisica.unam.mx

Universidad Nacional Auténoma de México
México

Dal Lago, A.; Schwenn, R.; Stenborg, G.; Gonzalez, W. D.; Gonzalez, A. L. C. de; Vieira, L. E. A;;
Echer, E.; Guarnieri, F. L.; Schuch, N. J.
Deceleration observed in the coronal mass ejection event of July 25, 1999
Geofisica Internacional, vol. 43, nim. 1, january-march, 2004, pp. 41-45
Universidad Nacional Autbnoma de México
Distrito Federal, México

Available in: http://www.redalyc.org/articulo.oa?id=56843106

How to cite [ é)\_,- //‘«

Complete issue - .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=568
http://www.redalyc.org/articulo.oa?id=56843106
http://www.redalyc.org/comocitar.oa?id=56843106
http://www.redalyc.org/fasciculo.oa?id=568&numero=2600
http://www.redalyc.org/articulo.oa?id=56843106
http://www.redalyc.org/revista.oa?id=568
http://www.redalyc.org

Geofisica Internacional (2004), Vol. 43, Num. 1, pp. 41-45

Deceleration observed in the coronal mass ejection event of
July 25, 1999

A. Dal Lago'?, R. Schwenn?, G. Stenborg?®, W. D. Gonzalez', A. L. C. de Gonzalez', L. E. A. Vieira!, E.

Echer!, F. L. Guarnieri’, N. J. Schuch*

! Instituto Nacional de Pesquisas Espaciais, Sdo José dos Campos, SP, Brazil
2 Max Planck Institut fiir Aeronomie, Katlenburg-Lindau, Germany

3 Instituto de Astronomia y Fisica del Espacio, Buenos Aires, Argentina

# Centro Regional Sul de Pesquisas Espaciais, Santa Maria, RS, Brazil

Received: March 31, 2002; accepted: October 2, 2002

RESUMEN

En el presente trabajo presentamos diagramas altura-tiempo de la eyeccion de masa coronal tipo halo observada en julio 25,
1999 con el Coronografo Espectroscopico y de Gran Angulo (LASCO), a bordo del satélite Observatorio Heliosférico y Solar
(SOHO), que puede observar la corona solar de 2 a 32 radios solares. Para obtener estos diagramas se us6 una técnica en la cual se
dividen las imagenes de LASCO en rebanadas angulares y se coloca lado a lado la misma imagen en diferentes tiempos de
observacion. Con este método pudimos identificar una pequena desaceleracion de la eyeccion cerca del polo sur solar.

PALABRAS CLAVE: Eyeccion de masa coronal, LASCO, SOHO, desaceleracion, procesamiento de imagenes, diagramas altura-
tiempo.

ABSTRACT

We present height-time diagrams of the halo coronal mass ejection observed on July 25th (1999) from the Large Angle and
Spectroscopic Coronagraph (LASCO), on board of the Solar and Heliopheric Observatory (SOHO) able to observe the solar
corona from 2 to 32 solar radii. We used a technique in which the LASCO images are divided in angular slices and placed side by
side at different observation times, thus producing height-time diagrams. We identify a small deceleration of the July 25th halo

CME around the south pole of the sun.

KEY WORDS: Coronal mass ejection, LASCO, SOHO, deceleration, image processing, height-time diagrams.

INTRODUCTION

Coronal mass ejections (CME) are expulsions of solar
plasma from the gravitational field of the Sun observed in the
corona (Hundhausen et al., 1984; Schwenn, 1996; Hund-
hausen, 1997). These observations are made by coronagraphs
that record the photospheric radiation scattered by electrons
in the ionized coronal plasma (Bruckner e al., 1995). Taking
a time sequence of these observations it is possible to identify
these coronal outflows. The most recent coronagraphs in op-
eration are from the Large Angle and Spectroscopic Corona-
graph (LASCO) experiment on board the Solar and
Heliospheric Observatory (SOHO) satellite, a joint project from
the National Aeronautics and Space Administration (NASA)
and the European Space Agency (ESA). This satellite is lo-
cated at the Lagrangian point L1 on the sun-earth line, distant
240 earth radii from the earth. LASCO provides plane of sky
observations of the dynamics of the solar corona by two coro-
nagraphs named C2 and C3, which image the corona from 2 to
6 and 4 to 32 solar radii, respectively.

St. Cyr et al. (1999) have analyzed 841 CMEs observed
by LASCO from January 1996 to June 1998. For 17% of these
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events they find some acceleration, but no deceleration was
detected for any of the 841 events. However, Sheeley et al.
(1999) have reported some examples of decelerating CMEs
(as well as accelerating ones) using a new image processing
technique. The acceleration process is very closely related
to the formation of the CME, while the deceleration is prob-
ably related to the interaction of the CME with the ambient
ahead of it, so it is very important to find out at which dis-
tances from the sun these processes take place.

We present a case study of the July 25th (1999) CME
in which we observed a small deceleration around the south
pole of the sun using a technique of image processing that is
able to track the radial moving features seen on the sequence
of images. This technique is in some ways similar to the
Sheeley et al. (1999) one, but with some basic differences
that we shall point out.

Determining whether there is deceleration (or accel-
eration) is also an important parameter for space weather
once is can be used in the near future for improving the esti-
mation of the travel time of CMEs to earth.
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THE TECHNIQUE

As already mentioned, we have developed an image
processing technique very similar to the one presented by
Sheeley et al. (1999). However some differences do exist
between them. Sheeley ef al. (1999) technique consists in
selecting a radial rectangular slice in a given LASCO image,
which starts just before the occulter (close to the center) and
extends to the extremety of the image. By taking a series of
images and extracting the same rectangle (same position)
for each of them and placing them side by side, it is possible
to have a time history of any moving feature inside this rect-
angle. Those authors have used running difference images
for their analysis, which means that each image was sub-
tracted by its previous one. Also, some radial intensity cor-
rections have been applied in order to make faint features
visible at far distances from the sun. The authors recommend
a careful read of the Sheeley et al. (1999) paper for more
details.

The technique used here in this paper consists of divid-
ing each LASCO image in angular sectors, and not rectan-
gular, each sector beginning in the center of the image and
with 5 degrees aperture angle. This way, the area covered by
each of these slices increase with solar radius. Following that,
concentric circles, centered on the image center, were placed

in this same figure, each of them 2 pixels of radius bigger
then the other. The intersection of the slices with the circles
define small areas, that increase size with radial distance from
the center. Adding all pixel values inside a single area is
equivalent of performing an angular integration. If we take a
sequence of images and select only one same slice from each
of them, perform the angular integration and place them side
by side we have a time history of any moving feature inside
this slice. Thus we are able to produce a clear height-time
diagram for each angular position and then obtain a height-
time scatter plot. This process is illustrated in Figure 1. The
angular speed information is lost, but in this work we are
interested only in the radial movements of the CME. The
radial information is entirely preserved. The angular inte-
gration compensates the fading of the structures as they ex-
pand, making them visible at long radial distances in the co-
rona. We have used pre-event subtracted images (instead of
running difference images), which means that a single refer-
ence image taken before the sequence to be analyzed is sub-
tracted from all of the sequence of images.

The July 25th (1999) CME
The July 25th (1999) event was a full halo CME which

was visible in all directions around the sun both in the C2
and C3 images. It was first seen at 1454 UT in the C2 and

Height-time diagrams
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Fig. 1. Illustration of the technique used for image processing. See text for details.
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Fig. 2. A LASCO C3 single image taken on July 25th (1999) at 1942 UT showing several positions over the south pole of the sun. The
respective height-time diagrams obtained from our technique are places in the bottom for the positions S75E, S85E, S85W, S7TO0W and S55W.

lasted beyond 2200 UT in the C3 field of view. We applied
our technique for the positions S75E, S85E, S85W, S7T0W
and S55W, around the south pole of the sun. Figure 2 shows
a LASCO C3 single image taken on July 25th (1999) at
1942 UT. For all the positions mentioned above we applied
our technique and the resulting height-time diagrams are
shown in the bottom of Figure 2. In each of these height-
time diagrams the horizontal axis is the time (hours) and
the vertical axis is the radial distance (solar radii) from the
sun.

Using the obtained height-time diagrams of Figure 2
we could easily obtain their height-time scatter plots which
are shown in Figure 3. A second order polynomial fit was
added to each of the scatter plots, from which it is possible
to observe a small deceleration in the chosen directions.

Table 1 shows the initial and final speeds and the de-
celerations for each of the directions shown in Figures 2

and 3. These results are in good accordance with another
study made by Sheeley er al. (2000) using the other tech-
nique.

SUMMARY AND DISCUSSION

Height-time diagrams for the July 25th (1999) halo
coronal mass ejection were obtained using a technique of
image processing that helped to track the radial movements
of this CME. The technique, which performs an angular in-
tegration in the LASCO images, permitted the visualization
of faint structures far in the corona.

The height/time diagrams obtained after processing the
images revealed a small downward curvature indicating de-
celeration over the south pole. Height-time scatter plots ob-
tained from the diagrams were very well fitted by a second
order polynomial curve confirming the small deceleration in
these directions. The solar disk source related to this CME
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Fig. 3. Height-time scatter plots obtained from the bottom diagrams of Figure 1 for the positions S75E, S85E, S85W, S7T0W and S55W. A
second order polynomial fit was added to each of the diagrams.

Table 1

Initial and final speeds and decelerations of the positions
shown in Figures 2 and 3

Vo Vi a
(km/s) (km/s) (m/s?)
S75E 310.49 145.59 -6.48
S85E 336.25 209.76 -4.24
S85W 368.18 175.10 -6.54
S7T0W 466.31 261.03 -7.06
S55W 649.87 325.69 -12.3

was very close to the west limb. Nevertheless it was a full
halo CME, ejecting material all around the disk, which indi-
cates that it had a velocity component in the sun-earth direc-
tion, with the highest front speed probably in some direction
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inclined toward the west limb. This means that the real ra-
dial distances from the sun in the directions chosen in our
analysis should have been bigger than the projections seen
in the plane of sky, with the possibility of exceeding 30 solar
radii. For purely limb events, no deceleration has ever been
reported in the literature until now, only for halo CMEs
(Sheeley et al., 1999), so this result obtained here support
the hypothesis that deceleration occurs at relatively far dis-
tances (> 30 solar radii), thus being observed only in halos.
Projection effects can be the responsible for the differences
in the deceleration values at different positions chosen in our
study.

Concerning the technique, it has revealed itself very
appropriated to identify whether there is acceleration or de-
celeration on CMEs.

As pointed out in the introduction, acceleration and de-
celeration are closely related to the CME initiation mecha-
nism and to its interaction with the surrounding ambient. Also,



this kind of measurements can be of extreme importance for
the space weather studies, since they can be used to predict
the travel time of the CMEs to earth.

ACKNOWLEDGMENTS

The authors would like to thank FAPESP of Brazil for
the support, under the projects 98/15959-0 and 98/04732-4.

BIBLIOGRAPHY

BRUECKNER, G. E., R. A. HOWARD, M. J. KOOMEN,
C. M. KORENDYKE, D. J. MICHELS, J. D. MOSES,
D. G. SOCKER, K. P. DERE, P. L. LAMY, A.
LLEBARIA, M. V. BOUT, G. M. SIMNETT, D. K.
BEDFORD and C. J. EYLES, 1995. The large angle
spectroscopic coronograph (LASCO). Solar Phys.,162,
357-402.

HUNDHAUSEN, A.J., 1997. An introduction. In: Crooker,
N., Joselyn J. A., Feynman, J. ed. Coronal mass ejec-
tions, Washington, DC: AGU, 99, 1-7.

HUNDHAUSEN, A. J., C. B. SAWYER, L. L. HOUSE, R.
M. E. ILLING and W. J. WAGNER, 1984. Coronal mass
ejections observed during the solar maximum mission -

latitude distribution and rate of occurrence. J. Geophys.
Res., 89, 2639.

SCHWENN, R., 1996. An essay on terminology, myths, -
and known facts: solar transients — flare — cme — driver
gas — piston — BDE — magnetic cloud — shock wave —
geomagnetic storm. Astrophys. J., 243, 187.

July 25th, 1999 CME

SHEELEY, N. R. JR., J. H. WALTERS, Y.-M. WANG and
R. A. HOWARD, 1999. Continuous tracking of coronal
outflows: two kinds of coronal mass ejections. J.
Geophys. Res., 104, A11, 24739.

SHEELEY, N.R., W.N. HAKALA and Y. M. WANG, 2000,
Detection of coronal mass ejection associated shock
waves in the outer corona. J. Geophys. Res., 105, A3,
5081.

ST. CYR, O. C.,R. A. HOWARD, N. R. SHEELEY, JR, S.
P. PLUNKETT JR., D. J. MICHELS, S. E.
PASWATERS, M. J. KOOMEN, G. M. SIMNETT, B.
J.THOMPSON, J. B. GURMAN, R. SCHWENN, D. F.
WEBB, E. HILDNER and P. L. LAMY, 2000. Proper-
ties of coronal mass ejections: SOHO LASCO observa-
tions from January 1996 to June 1998. J. Geophys. Res.,
105, A8, 18169.

A.Dal Lago'?, R. Schwenn?, G. Stenborg>3, W. D.
Gonzalez', A. L. C. de Gonzalez!, L. E. A. Vieira!,
E. Echer!, F. L. Guarnieri?, N. J. Schuch*

! Instituto Nacional de Pesquisas Espaciais, PO 515, 12201-
970, Sdo José dos Campos, SP, Brazil.

2 Max Planck Institut fiir Aeronomie,

Katlenburg-Lindau, Germany.

3 Instituto de Astronomia y Fisica del Espacio,

Buenos Aires, Argentina.

# Centro Regional Sul de Pesquisas Espaciais,

Santa Maria, RS, Brazil.

Email: dallago@dge.inpe.br

45



