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Abstract. A distinct coronal downflow has been discovered in the course of mipemce eruption associated coronal
mass ejection (CME) imaged by EIT (Extreme ultraviolet Imaging Telesc@md LASCO (Large Angle Spectrometric
Coronagraph) on board SOHO (Solar and Heliospheric Observatory)5-Mar-2000. Evolution of the prominences seen
by EIT was tracked into the LASCG2 and C3 field-of-view where they developed as the core of a typicaétpart CME.

In contrast to the inflow structures reported earlier in the literatures, whérke dark and were interpreted as plasma voids
moving down, the downflow reported here was bright. The downflovichvivas only seen in EIT FOV had onset time that
coincided with the deceleration phase of the core of the CME. The dowsfiowed a rapid acceleration followed by a strong
deceleration. The downflow followed a curved path which may be expmldigematerial following the apex of a contracting
magnetic loop sliding down along other field lines, although other explanadi@nalso possible. Irrespective of the detailed
geometry, this observation provides support for the pinchifigfathe field lines drawn-out by the erupting prominences and
the contraction of the arcade formed by the reconnection.
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1. Introduction 1986; Svestka 1998) radiates away its energy and cools down.

_ Since no cooler counterpart was detected w &hd at EUV
Observations of downflows above large-scale post-flardas:awavelengths for the downflows observed in SXRs (Soft X-

(supra-arcades) were first reported by Mc_Kenzie & Hudsqus), McKenzie & Hudson (1999) and McKenzie (2000) in-
(1999) on the basis of soft X-ray observations. These dowgpreted these downflows as plasma voids with low densities
flows manifest themselves as dark structures moving througjhy high temperatures. These "voids" were thought to be the

the corona towards the Sun with speeds in the range 45-%0Q..t ohservational evidence for magnetic reconnectian p
knys. All events with sunward plasma motions were associatggsses which had occurred higher up in the corona.
with coronal mass ejections (CMEs). One very simple expla-

nations of these downflows could be that some portion of the Wh'te'_“ght feature_s moving towards the Sun's surface af-
CME material fails to achieve the escape velocity and con &l CME lift-off have first been detected by Wang et al. (1999)
quently falls back towards the Sun under the force of the§uﬁ’nd Sheeley & Wang (2002) based on LAS’C@. observa-

gravitational field. In that case the downflowing hot materid©ns: These coronal downflows occurred at altitudes of 3-5

eventually cools down and becomes visible in lines such Q@V]:/ith spegds irrll'thel'ringe of 50b_200 @Thzinrarqlm&;
Ha. Material falling back due to the Sun’s gravitational fietd jing features in white-light were observed as dark trails

termed as "coronal rain", originally based ow Hbservations barely visible density enhan_cements with a cusp-like appea
(Tandberg-Hanssen 1974, p. 29). The physical explanation gance. These features were interpreted as observatioma-sig
t%res of the closing down of magnetic field lines which were

erally given for coronal rain is that the plasma which wal q 4 b i lausibl id ;
evaporated into the tops of flaring loops (Forbes & Malher agged outward by CME_S' providing plausible evidence for
the occurrence of magnetic reconnection processes.

Send  offrint  requests to: D.  Tripathi;  e-mail: Recently, Innes et al. (2003a, 2003b) reported similar fea-
d.tripathi@damtp.cam.ac.uk tures detected in EUV by the Transition Region And Coronal
* Present address: Department of Applied Mathematics aRplorer (TRACE; Handy et al. 1999) and SOfSolar
Theoretical Physics, Center for Mathematical Sciences, Universityditraviolet Measurements of Emitted Radiation (SUMER;
Cambridge, Wilberforce Road, CB3 OWA, UK Wilhelm et al. 1995). Here the downflow was observed as
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Fig. 1. Sequence of running filerence images taken by SOHO’s Extreme-ultraviolet Imaging Teleg&pgat 195 A on 05-Mar-2000. The
images show the simultaneous eruption of three prominences mark&drR® & P3. In the images North is pointing upwards and West towards
the right.
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Fig. 2. Series of running dierence images showing the evolution of a white-light CME detected by theCIOXS2 coronagraph on 05-Mar-
2000. The CME followed the prominence eruptions shown in Fig 1. Theafigearance of the CME in the LASCO FOV is shown in the upper
middle image. In later images the leading edge, dark cavity and brighbfaréypical three-part CME can be seen. In the bottom left image
P1, P2 mark the prominence material.

a dark trail of plasma moving towards the Sun at 195 A iwhen large amounts of magnetic energy was released, suggest
TRACE and in the Fe XXI & UV continuum by SUMER. ing a relation of downflows with reconnection outflows.
These downflows were not seen in C Il and Fe Xll lines. Based
on these observations, Innes et al. concluded that theddlkt  In this paper we present an observation of a distinct down-
of the plasma are likely to be the plasm avoids introduced Bgw observed by SOHEIT at 195 A on 05-Mar-2000. The
McKenzie & Hudson (1999). Using complementary observaownflow was observed above post-eruptive arcades (PEAS)
tions from TRACE and RHESSI, Asai et al. (2004) identified @90 minutes after the eruption. The formation of a post-
time correlation between non-thermal radiation in the hé&rd eruptive arcade observed on the disk was probably related to
ray spectra taken by RHESSI and the times of downflows ahrinking magnetic field lines as a consequence of magreetic r
served by TRACE at 195 A. Based on these observations Asannection after the CME eruption (Kopp & Pneuman 1976).
et al. (2004) concluded that the downflow motions occurrdthe data set clearly showed material flowing downward at
heights below 0.9%, above the solar surface. Contrary to the
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Fig. 3. Series of running dierence images taken by EIT at 195 A showing the morphology of the aanmoving material (downflow) on
05-Mar-2000.

earlier observations of dark downflows by SXT, TRACE anlihe or bright downward moving plasma is outlining the loops
LASCO, the downflow observed in this event at 195 A watat the plasma is sliding down along. According to Fig. 3 the
bright. In this paper we present the evolution of the promieft branch of the downflow seemed to be linked to the eastern
nence, associated CME as well as the plasma downflow.  foot-point of P1 whereas the right branch seemed to be headed
towards P3. Since we have no Doppler shift measurements we
cannot rule out that we are only observing a brighteningtfron
moving downward, without any associated material flow.
The eruption of two large prominences marked with P1 & P2 The images taken by EIT and LASCO were further pro-
in Fig. 1, and a barely discernible prominence marked with R8ssed in order to enhance the contrast of fine-scale feature
was recorded on 05-Mar-2000 by EIT at 195 A. The sequenieg applying a wavelet decomposition technique established
of the running diference images in Fig. 1 shows the almodty Stenborg and Cobelli (2003) which is based on the work
simultaneous eruption of P1, P2 and P3. The runnifigince of Fligge & Solanki (1997). This technique involves multi-
images reveal the proper motion of the features in the dinect ple applications of the wavelet transform and corresponds t
of motion (Sheeley et al. 1999). The formation of a PEA starésswavelet packet analysis, which leads to a better separatio
at~16:12 UT underneath P1. The PEAs evolve in height withbetween signal and noise, thus allowing structure with fitger
time as can be seen in Fig. 1 and also in Fig. 3. tails to be processed. The algorithm used in the processing o

The associated CME was first seen at 16:54 UT in tltke images was the 2D-4 trous transform. Most of the noise in
LASCO/C2 field-of-view (FOV), (see Fig. 2). The CME laterthe image is concentrated in the high frequency scale in the
after 17:06 UT, exhibited the typical three part structire; wavelet plane. A weighted reconstruction scheme is employe
ing comprised of a bright front, a dark cavity and a brightecorin which during the process of reconstruction considerssg
Possible individual CMEs associated with prominence erupeight can be given to the scale containing noise. More ldetai
tions P1, P2 and P3 cannot be uniquely distinguished in thkout the algorithm can be found in Stenborg & Cobelli (2003)
coronagraphic images. The prominences P1 and P2 were laterThe left panel of Fig. 4 displays the stack plot of the strips
seen as the core of the CME at 17:06 UT. The prominencesdflthe solar corona cropped from the wavelet processed EIT
and P2 are clearly discernible until 17:54 UT in LAS@2 images. The figure was produced by cutting an arch-shaped
observations marked in the bottom left panel of Fig. 2. Latetrip of the solar corona above the limb (see Fig. 4, right
on at 18:06 UT, only P1 can be uniquely distinguished. panel) for the position angle (PA) between 2%nhd 360.

At 17:36 UT, i.e.,~90 minutes after the onset of the erupThe PA was measured starting from the north pole in counter-
tion, a bright sunward moving feature, hereinafter refittiee clockwise direction as illustrated in the right panel of FIgA
as the downflow, was detected by EIT at 195 A. Fig. 3 displapslinear interpolation was performed in order to transidhe
the running dference images taken by EIT at 195 A startingrch-shaped images into a rectangular shape. The eruption t
from the first detection (top left corner image) of the dowrstarted at-15:48 UT is best visible at 16:24 UT (see 'd’) when
flow until the time it vanished (bottom right corner imagehel a prominence is in the center of the FOV. By 17:24 UT (i)
downflow is visible as the bright dot at the top edge of the tdhe entire material had passed out of the EIT FOV. No visible
left image of Fig. 3. With passing time the bright structuxe e plasma-motion associated with the erupted features arsiigsee
tended downward, branching into two streams during the piiczages 'i' to 'k’, although careful inspection of frame 'kéf
cess. At least the right branch did not follow a straight erev veals a faint brightening at the top edge which is the first sig
regularly curved path, but showed a kink, clearly seen in thige downflowing material. At 18:00 UT (I') and very clearly
difference images at 18:24 UT. Since coronal plasma canabtl8:12 UT ('m’) plasma moving towards the Sun’s surface
cross magnetic field lines, it is either following a kinkeddie was detected. The path of the downflowing plasma suggests

2. Observations
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05 16:12 UT

Fig. 4. Left panel: Stack plot of cropped strips
of the solar corona above the limb in EIT im-
ages. Time is running from bottom to top. The
frames start at 15:48 UT (‘a’) and finishes at
19:36 UT (r’). Each frame corresponds to the
arch shaped strip marked in the right panel.
The right corner denotes the position angle290
and the left denotes 360Right panel: Wavelet

processed EIT image taken on 05-Mar-2000
at 16:12 UT. The area marked with the arch-
shaped strip is shown in the left panel. The con-
vention for measuring position angle is marked.
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Fig. 5. Top panel: Height-time diagram for LASQO2 running dfference images at position angle 34om 15:00-20:30 UT. Bottom panel:
Height-time diagram for EIT 195 A runningfiierence images at position angle 34Sote that the position angles are measured starting from
solar north in counter clock wise direction as shown in Fig. 4. Outflows amchfiow of the coronal material are labeled.

that it was channeled by the magnetic field configuration ef tthe outflow is so rapid that it appears as a vertical streak. Th
corona (see images from 'm’ to 'q’). Interestingly, in fragig’ EIT height-time diagram allows us to measure the speed of the
& 'h’ a bright filamentary structure is seen at a similar laoat downflow by following the trajectory along the boundary of
as one branch of the downflowing material approximately dne moving dark and bright features. The downflow speed ob-
hour later. tained at the position angle of 34&as 25 knfs. The bottom
anel of Fig. 5 reveals that the downflow first became visible a
ﬁe height of 1.3R,, i.e., at the edge of the FOV and was seen
until the height of 1.2&; at this particular position angle. In
the upper panel of Fig. 5 (height-time diagram for LASCQ)
only plasma outflow could be definitely identified. A specific

There was no clear evidence for a downflow of plas
in white-light images taken by LASGQ2. In order to verify
this, we produced height-time diagrams using runnirftedi
ence images taken by EIT at 195 A and LAS(CR at a speci-
fied position angle (PA). Fig. 5 shows the height-time diagga ~, > " . X : "
for LASCO/C2 (upper panel, PA347) and EIT (lower panel, white-light feature in the height-time diagram of LASEX2,

PA=345). The height-time diagrams were produced by crofé)\fh?hse beh?ylor COLlj(l(.j r:gt be umquelyl |r|1tterpreted, IS mstlrkgd
ping a thin strip at the specified position angle, startingvab y Ihe guestion mark in the Upper panel. ftmay conceivably be

the limb at 1.02R, in the case of EIT and starting above th he start of a downflow, but the backward extrapolation of the

. . rajectory of the downflow seen in EIT does not match with this
occulter at R, in the case of LASCAE2. The strips eXtendedfeature in time. Also, no outward motion of this feature ie th
to 1.36R, for EIT and to 6.0R, for LASCO/C2. In the lower height-time diagram was seen in LAS@Z2. Because of the
panel (height-time diagrams for EIT) of Fig. 5, both the aawifl lack of the observation from 1.35 to 20, it Becomes dficult
as well as the downflow were detected. They are marked by 8¢ K b il 'I o b he f ked
rows. Whereas the downflow can be easily recognized by ttﬁ)%ma € any su stantial conclusion about the feature marke
fact that the bright structure moves down as time progress\évéh the question mark.
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3. Evolution of prominence, CME and downflow Position Angle
The wavelet sharpening of EIT and LASEZ? & C3 coro- — 370 E™ I | | OAQIOA A | A A I E
nagraphic images provided an opportunity to track the sathe360 o <><>A<>§° 3
feature in the FOV of dferent instruments. Fig. 6 displays the OxxX %
: . 50 F x* e EIT FOV Downflow 3
measurements performed of the prominence in EIT, and of $he390 E * 3
; . ™0 E X X LASCO/C2&C3 FOV LE 3
core and leading edge of the CME in the LAS@Q and C3 7 : oo , 3
. . .ﬁ40 3 * ° X EIT FOV prominence j
FOV based on the wavelet processed images. The asterisks i s e O LASCO/C2 FOV core
the figure_ reflect_the data points obtain_ed for the evolgt'rbr@ 330 F A LASCO/C3 FOV core
the prominence in the EIT FOV, the diamonds and triangles °
represent the data points obtained for the core of the CMESin320 . 3
the LASCQC2 & C3 FOV shown in Fig. 6. The crosses repre- 310 ¢ e

sent the leading edge of the CME based on LABCD& C3
observations. The leading edge was not identified in the EIT
images because either the loops were already initiall\eldyg
ing outside the EIT FOV before the CME erupted or the plasma
in the loops did not radiate at 195A. The solid dots represent

16 17 18 19 20 21 22
Time (hour)

Height—-Time

the data points obtained for the downflow seen in the EIT FOV. L ' ' A/ﬂ‘ '
They refer to the right branch of the downflow which we ana-— 8T e ]
lyze in detail. For the other branch the reliability of theeed = Q_éA/
determination was lower due to a higher speed40 knys). a:‘ 6 - /Q‘A’ i

In Fig. 6, the top panel shows the variation of the position™>
angle of the tracked features with time. The similar vapiati ~—
in the position angle of the prominence in EIT, and the CME <
core in C2 and C3 makes the assumption more plausible tha}fgD i Speed LE =859 km/s
we tracked the same features in the FOV of tfedént instru- T o[  Speed C3core =230 km/s ]
ments. As can be seen in the plot, the prominence was deflected Mx"‘* %% %eeee o . 1
by an angle of about15° in the early phase of its evolution.

Although we do not have any measurement of the leading edge 16 17 13 19 =0 21 =22
during the early phase of evolution, the trend shown by the po Time (hour)

sition angle in the range of 2 toR, reveals that it also passed
through a similar deflection phase as the prominence and core

of the CME. The deflection observed in the prominence andggg
the leading edge of the CME is comparable to the results de-
rived in a systematic study by Cremades & Bothmer (200%). 900
The downflow seems to have started at position angl€-348 400
345'. The position angle profile of the downflow reflects the
complex motion of the downflow seen in Figs. 3 and 4. - 300

The middle panel represents the height-time profile of tg_e 200 *.*
leading edge, prominence, the core of the CME and the down- X
flow. The diferent symbols have the same meaning as in the top100 3
panel of Fig. 6. The solid line is a linear fit to the data points g E
for the leading edge of the CME, yielding a constant speed of
860 knys (projected on the plane of the sky) in the LASCRQ
& C3 FOV. The dotted line is the second order polynomial fit
to the data points obtained for the prominence in the EIT FOV.

The dashed line is the second order polynomial fit to the ddtig- 6. Top panel: Position angle variation of the prominence in the

points obtained for the core of the CME based on LAgC® EIT FOV (asterisks), the CME core in LASGCR (diamonds), the
CME core in LASCQC3 (triangles), the leading edge (crosses) in

ggfaervgtr:?giof?ﬁetiir‘;aspteht‘gﬁ‘édgg';f ggeﬂ:'gifg Meo | ScOC2 &C3 and the downflow in EIT FOV (dots). Middle panel:
po! LD Height-time profile for the prominence, the core, the leading edge and

observations. The overlap in the data points of LASCD& the downflow. The solid and dashed-dotted lines are best linear fits

C3 makes the assumption plausible that the same feature Wage data points. Other lines are the best quadratic fits to the data
tracked in the C2 and the C3 FOV. The long dashed line is thgints. Bottom panel: The speed-height profiles of the features men-

second order polynomial fit to the data points obtained fer tkioned above. Bottom points of bars represent the speeds projected in
downflow based on the EIT observations. The height-time prhe sky plane and top points represent the corrected speeds based on
file of the outflowing plasma in the EIT FOV shows a positivéhe source region location. The speeds projected in the sky plane were
curvature suggesting that the prominence passed throuagtt arflerived from the polynomial fits to the height-time data in the middle
celeration process in the early phase of its evolution ir@gr Panel. The solid line represents the escape speed profile.

4t

Speed—Height

acc_eit_core = 65 m/s® 3
acc_c2 core = —256m/s"

{3

Escape Speed 3

2 4 6 8
Height (r/R_sun)
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Fig. 7. Projected absolute (dotted line) and vertical (dashed line) speé‘é
profiles for the observed downflow. The arrow marks the time of th@ 800

kink in the downflow's trajectory based on the EIT observations. .,
700

ment with the conclusion reached by Webb & Jackson (1981). ©9°

The measured acceleration was about 88 nfrurthermore in

the LASCQC2 FOV it shows a negative curvature, suggest-
ing a deceleration by about 25/A. Finally, the height-time
profile of the core of the CME becomes nearly a straight line
corresponding to a nearly constant speed of 23GHkigher up

in the corona. Note that there was a biffelience in the speed

of the core (associated prominence) and the leading edge of t.
CME, which travelled with a nearly constant speed of 86(skm
during the whole time that it was observed.

The height-time profile of the downflow (middle panel of
Fig. 6), by a simple extrapolation back in time, intersebts t ~
height-time profile of the outflow at a height of about R8
during its deceleration phase. Therefore, possibly thendow 600
ward moving plasma is a part of the outward moving plasma 200 400 600 800
seen earlier by EIT and the downflow started during the decel- X (arcsecs)
eration phase of the outflow in the height range-158R,.

The bottom panel of Fig. 6 displays the speed-height pr6Lg. 8.Images taken by the soft x-ray telescope (SXT) through the Al-

file of the outflow. The speeds of the outflow were deriveMgfilter aboard Yohkoh on 05-Mar-2000 showing cusp-shape featur
t the location of the downflow. Timing of each frame is labelled. The

from the fitted height-time polynomials in the mlddle paneE}rrowinthe top panel demarks the location of the downflow.
and then were corrected based on the source region locafion
which yielded 14% larger speeds. Both the speeds derived fro
LASCO are represented in the plot, joined by bars. The bars up
per points represent the corrected speed. The symbolsavetie sky as a function of time. The arrow marks the time when
same meaning as in the top panel of Fig. 6. The solid line is th kink in the right branch of the downflow path was detected
escape speed profile calculated for a ballistic body, iken¢ga based on EIT observations (see Fig. 3). The downflow shows a
into account only the gravitational acceleration. By a samprapid acceleration until it arrives at the kink location efeafter
extrapolation, the speed-height profile of the filamentrsgtets it starts to decelerate. Initially the downflowing gas iselec
the escape speed profile-a2.5R, within uncertainties of the ated in both horizontal and vertical directions by about argu
measured speeds of the core of the CME appears to be movisigof the solar gravitational acceleration (61-10Gior the
roughly with escape speed above this level. first two points shown in Fig. 7). Hence, the downflow does not
Finally, in Fig. 7 we plot the absolute (dotted) and radialorrespond to freely falling gas. After the kink the downflow
(dashed) speeds of the downflow projected on to the planedetelerates most strongly in the vertical direction.

200 400 600 800
X (arcsecs)

18:37 UT

1000

900

(arcsec

800
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servations. The downflow was observed about 90 minutes after
the onset of a prominence eruption (marked P1 in Figure 1). As
seen in EIT the prominence started to erupt at around 16:00 UT
and was later observed as the core of a CME after 17:06 UT by
the LASCQC2 coronagraph in white-light. Detailed analysis
of the images revealed that:

1. Adeflection of~15° towards the north pole was seen in the
early phase of the prominence (P1) eruption.

2. The prominence (P1) first accelerated with a constant ac-
celeration of about 65-76V/s in the EIT FOV ( 1.5R,)
until it reached escape speed, then decelerated (at approx-
imately 25m/s? in the LASCQC2 FOV (2-5R)) follow-
ing roughly the escape speed curve, suggestive of a ballisti
trajectory. The prominence is identified with the core of the

) ) . CME seen by LASC@C2 and C3.

Fig. 9. Co-aligned over-plotted EIT (background) and SXT images Tha leading edge of the CME was only observed in the

(foreground) taken at 18:12 and 18:11 UT respectively. Note that the . .

. I LASCQO/C2 & C3 FOV. The leading edge moved with a

right branch of the EIT downflow is directed to the top of the cusp L

seen in the SXT image. speed of 860 kiis, which is much faster than the core of

the CME.
4. The downflow was first see¢D0 minutes after the eruption

4. Comparison with Yohkoh-SXT observations at a height of about 1.R; at the edge of the EIT FOV.

] ) ) ) There was no clear evidence for downflow in LASQRQ
Fig. 8 displays portions of the images recorded on 05-Mar- ¢ 3 images.

2000 by the soft x-ray telescope (SXT; Tsuneta et al. 1993) The height-time profile (Fig. 6, middle panel) provides
aboard Yohkoh through the Al-Mg filter. The specific im-  ¢jear evidence that the downflow started during the decel-
ings of the respective frames are indicated in the figure. The g 5ti0n phase of the core of the CME.

post-eruptive arcade corresponding to the locations gfteru g The downflow does not propagate vertically, but appears

ing prominences P1 and P2 (shown in Fig. 3) is clearly seen. {5 tollow paths outlining groups of loops. Two branches
Below the location of the downflow the SXT loops have some- emanating from the same apex point are seen. The right

what pointed apex reminiscent of the structure often seen in pranch shows a clear kink.

Yohkoh images just after flares. 7. The absolute and radial projected speed of the downflow
~ Inorder to compare the spatial location of the feature seen shows a rapid acceleration in its early phase for the right
in EIT and SXT images, we display in Fig. 9 an EIT image pranch before it arrives at the location of the kink. After
co-aligned with an SXT image recorded very close in time {hat it moves more slowly in a more horizontal direction.
(EIT: 18:12 UT, SXT: 18:11 UT). The EIT image is shown in  Thg kink corresponds to the apex of a post-eruptive arcade

the background and the SXT image is overlayed by invoking of hot loops visible in Yohkoh SXT images already prior to
a transparency of about 50 percent in the SXT image. From ihe downflow.

the figure it is evident that the downflow seen in EIT is com-

ing down near the top (near the cusp often seen in post flare | ot ys now consider possible scenarios to explain these ob-
loops or arcades) of a set of post flare loops. These l00ps &&@yations. Quite basically we need to distinguish betwaen
only seen in the SXT images since they are sitill too hot to b@ywnflow of material, a downflow of energy, leading to a heat-
recorded in the EIT 195 A bandpass. In SXT images theggy of the gas and a downward propagating cooling front. In
loops were present already before the downflowing materigh case of heating, a source of energy release lying outside
first became visible to EIT. The material then moves dowRe EIT FOV would lead to a transport of energy downwards
along the right leg of this loop system (at least this is tardlie  htg the field of view by conduction. The brightening could oc
right branch of the downflow; for the left branch there seems ¢ when the ambient gas has been heated to a temperature to
be very little X-ray emission). which EIT is sensitive. The filamentary structure of the btig
downflow requires a higher density at these filament location
or enhanced conduction along field lines. A higher density ma
be due to gas left behind from the CME. A problem with this
A downward moving brightening, which we refer to in short ascenario is why the cool gas did not flow down due to gravi-
the downflow, was observed above post-eruptive arcadesbyttional attraction before it was heated up. The scale heifgh
Extreme-ultraviolet Imaging Telescope (EIT) at 195 A. Tisis sub-MK gas is too low for it to contribute strongly to emigsio
the first time to our knowledge that a bright downflow has bee 1.5R,. The free fall time is on the order of 18, i.e. shorter
observed at coronal temperatures. Previously observed-dothan the time between the passage of the last outward flowing
flows have all been dark and have been interpreted as voigssible) material in the EIT FOV and the appearance of the
This explanation obviously does not apply to the current odewnflow.

1000 1200

5. Discussion and Conclusions
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A cooling front provides a more viable alternative. In this
case the plasma is initially too hot to be well visible in the ﬁ
EIT 195 A channel. Loops with a temperature of 6-8 MK are ‘\ Reconnection
regularly observed by YOHKOH (e.g. Nitta 2000) & SUMER = <=
(e.g. Wang et al. 2003). Cooling by radiative losses profsga &
from regions of higher to lower density, since radiativeskrs
are more #icient at high density~n2). Hence the downward
propagation of the cooling front would require a densityesec
in the higher layers, which is not straight forward to achiev
One advantage of this scenario is that the kink in the 'dowr
flow’ does not pose any problem, since the cooling front nee
not follow a field line. On the other hand, it is not clear why
only very localized regions brighten at a give time and nbt a
the material along the respective field lines, since theooat
duction should produce a relatively homogeneous temperatu
Although this scenario could in principle be tested by |ooki
for brightenings in Yohkoh SXT images prior to those in EIT,
the Yohkoh SXT field-of-view did not reach ficiently high
up to allow such a test to be carried out.

Turning now to the scenario of actual downflow of plasmi
as the source of the downward propagating brightening, we s
that the plasma cannot be in free fall. The speed profile of tt
downflow (see Fig. 7) shows a rapid acceleration in the ear
phase which finally starts to decelerate as soon as the down-
flow arrives at the location of the kink. Such a behaviour woufFig- 10.Schematic illustration of the observed downflow, in particular
be more typical of plasma accelerated by a reconnectiort evEWight branch. T_he Iong-dashec_i ques are magnetic field ques initially
taking place outside the field of view of EIT (and inside the O@oldmg the prominence. The SO'.'d f'eld. “nes. are post-eruptive arcades
culting disk of LASCO C2). This interpretation is supported and dashed-lines rgpresent a single field line at thr&erdnt times

- - . . . after the reconnection.

the fact that in the height-time diagram (middle panel of Big
the extrapolations of the trajectories of the ejected pn@mie
material and of the downflowing material intersect at around
the conjectured location of the reconnection. Another eyt

Fig. 10 illustrates the magnetic field geometry associated
for reconnection taking place is that the prominence rrteri with this scenario of the observed downflow. The long-dashed

the EIT FOV shows significant acceleration and if extra|c¢zzdat|meS ar(_errl:leld Ill'ro]lels whlcl;hlwere initially hol<':[i.|ng the groml_l-_h
along the dotted line in the bottom panel of Fig. 6 would reagnce' e solid lines belong to post-eruptive arcades. The

escape speed easily. Within this basic picture there arie a ashed lines are field lines after the reconnection which are
different scenarios: ' sliding down along other field lines. The arrows indicate the

. . ! .__direction of motion of the contracting arcade (in the ilhastd

a_) The plasm_a IS flowmg down_ freely glong a field line.; 4o corresponding to the right hand branch of the downflow).
In this case the field line along which the right branch of the . o . .
downflow moves would have to be kinked. In scenario c) an initial rap_ld contractlop take§ place Qf a

} loop formed by the reconnection of oppositely directed field

b) The downflow outlines the tops of an arcade of contragfses stretched out in the wake of the CME. The scenario is
ing loops. This model has the advantage that field lines &igsiched in Fig. 11. Once the loop arrives back at a nearly
ejected along with rapidly flowing gas. For reconnection ogjrcylar shape, like the rest of the arcade, it stops cotiigic
curring higher up in the atmosphere, the downward acceléraihen, the material located near its apex slides down along one
field would have the right geometry. of the loop’s legs to its foot point, explaining the kink ineth

c) A combination of both gects is also possible. flow direction. This scenario is supported by the SXT obser-

The contracting loops in scenario b) would be aligned alongtion that the downflowing material is indeed located above
the line-of-sight (making their apex appear brightest due the apex of the post-eruptive arcade, which shows signs of a
large column density) and would be roughly perpendicular @isp- Since cusp-shaped structures are often discussed-in ¢
the loops along which they are sliding down. The loops latatéext of reconnection (see e.g., Acton et al. 1992) and shgak
on the left of the apex of the underlying loop move towards tte magnetic field lines (Forbes and Acton 1996), this striengt
left footpoint, those on the right move down towards the trigiens the point that reconnection is involved in driving thevde
footpoint, explaining the partition into two branches. Hiek flow.
is located where the contracting loop stops sliding down one Although scenarios b) and c) satisfy a number of observa-
loop and starts sliding down another, flatter loop (i.e. vath tional constraints, the question remains open as to why such
smaller ratio between the length of the loop and the separatbright downflows are so rare that none was seen prior to the
between its foot points) with foot-points lying further apa  one reported here. Possibilities are:
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AN/

t1l t2 t3

Fig. 11. Schematic illustration of the downflow given by scenario c). t1, t2 and t3dsimate the time evolution of the downflow.

— Magnetic reconnection after CME ejection is rare. Fligge, M., Solanki, S. K. 1997, A&A, 124, 579
— Magnetic reconnection is common but usually the gas deferbes, T. G., Acton, L. W. 1996, ApJ, 459, 330

sity at and below the location of reconnection is low, so th&erbes, T. G., Malherbe, J. M. 1986, ApJ, 302, L67
the downflow is not visible. Handy, B. N., Acton, L. W., Kankelborg, C. C. et al. 1999, Sol. Rhys

— The special geometry of this particular event (multiple 187229

. - . . nes, D. E., McKenzie, D. E., Wang, T. 2003a, Sol. Phys., 247, 2
prominences erupting simultaneously) aligns the contraﬁnes' D.E. McKenzie D. E. Wang, T. 2003b. Sol. Phys. 267, 2

ing loops such that they are best visible. Kopp, R. A., Pneuman, G. W. 1977, Sol. Phys. 50, 85

. McKenzie, D. E. & Hudson, H. S. 1999, ApJ, 519, 93
In any case, we conclude that the current observations %'I enzie, D. E. 2000, Sol. Phys., 195, 381

further evidence for the occurrence of post CME reconnactigmta, N. 2000, Sol. Phys., 195, 123
and contraction of the drawn-out field lines, at least for 80Mchrijiver, C. J. 1999, Sol. Phys., 187, 261
CMEs. It is well worth searching carefully in archival data t Sheeley, N. R., Walters, J. H., Wang, Y.-M., Howard, R. A. 1999,
estimate the true rate of occurrence of such downflows. J. Geophys. Res., 104, 24739

Sheeley, N. R., Wang, Y, -M. 2002, ApJ, 579, 874
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