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Abstract. An eruptive event, which occurred on 16th April 2002, is dissed. Using images from tAeansition Region and
Coronal Explorer (TRACE) at 195 A, we observe a lifting flux rope which gives rise to@storonal mass ejection (CME).
There are supporting velocity observations from the CdrDi@gnostic Spectrometer (CDS) on tBelar and Heliospheric
Observatory (SOHO), which illustrate the helical nature of the structure. Aidehally a rising coronal hard X-ray source, which
is observed with the Reuven Ramaty High Energy Solar Spemtpic ImagerRHESS), is shown to follow the flux rope with
a speed of~60 km s. It is also sampled by the CDS slit, although it has no sigmaini the Fe XIX band. Following the
passage of this source, there is evidence from the CDS fondlmwing (cooling) material along newly reconnected loops
through Doppler velocity observations, combined with metgnfield modeling. Later, a slow CME is observed with thedear
Angle and Spectroscopic Coronagraph (LASCO). We combireightitime profile of the flux rope at lower altitudes with the
slow CME. The rising flux rope speeds up by a factor of 1.7 asth# of the impulsive energy release and goes througheiurth
acceleration before reaching 1.5 solar radii. These obtens support classical CME scenarios in which the eraptioa
filament precedes flaring activity. Cusped flare loops aremesl following the erupting flux rope and their altitudergases
with time. In addition we fin(RHESS sources both below and above the probable location of tlwnection region.
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1. Introduction chromosphere. As field lines increasingly distant from tiagm

] ] netic inversion line reconnect, the reconnection regisegi
The relationship between flares and CMEs has been debatedriQ& efore the resulting X-ray loop footpoints and the #b-
some time, althoughiitis becoming apparent that they mag arh5ns move apart. The initial instability may be triggerediy
from the same magnetic phenomenon. Several driving megfyyisted flux tube, where the twist or height of the filament is
anisms have been proposed, reviews of which can be fougg great; or (ji) a sheared magnetic arcade, in which the mag

in, for example, Klimchuk (2000), Forbes (2000) and Forbegytic energy built up by shearing motions until a criticalea
(2003). They fall into two main categories: storage anda®#¢ i reached.

and directly driven scenarios. The most common categoty, bu

not universally accepted, is the storage and release soenar

Here a slow build-up of magnetic stress precedes the onset of\ost CME studies are based on coronagraph data, which
some kind of instability. The CME starts with the rise of an agre limited to observations above a certain altitude. Bytithe

tive region filament (and its overlaying arcade) due to aperithe CME has reached the point of detection, it has normably fin
tive instability. Then, below the rising filament as the &thed jshed accelerating and continues at a constant velocitZst
field lines start to reconnect, an impulsive energy releasars et 1. 1997). Regardless of the mechanism, the plasma amd ass
and is accompanied by the acceleration of the filament erpated magnetic field are accelerated from the low atmospher
tion. In the main flare phase continuing reconnection forots hgt velocities that can reach in excess of 1000 ki Ehe event
X-ray loops and Kt ribbons at their footpoints, where the parpresented here is significantly slower and therefore olserv
ticles accelerated during the reconnection process inthact tions of the acceleration profile of the CME, before it reache
the coronagraph field of view, can provide valuable insights
Send offprint requeststo: C. P. Gdf into the underlying process.
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It is sometimes possible to detect a rising flux rope or fil- s —hEE B poRays: HESS| SAA o NIGHT ..
ament in the low corona witfiRACE (Handy et al. 1999) ob- 1 Eoob b
servations. An example of this can be seen in Gallagher et al. X
(2003). They demonstrate that a discontinuity is obserieehy

height-time information from the low corona is combinedtwit y
the more traditional CME measurement in the Large Angle and
Spectroscopic Coronagraph (LASCO; Brueckner et al. 1995) c
data. Typically height-time measurements from LASCO can
be fitted linearly, demonstrating that the CME has reached a B
steady velocity. Few observations of the acceleration @has J\ :
have previously been made. This 21st April 2002 event was A W
reported to have a low initial velocity through a combinatid 5 :
observations fronTRACE along with an additional data point 169 NS | I
from the Ultraviolet Coronagraph Spectrometer (UVCS; Kohl W Time (16-kpr_oz 00:00:00)
et al. 1995). For its initial height-time behaviour to coohe
smoothly with the coronagraph observations, an exporienﬁég-_l- The GOES light curve for the 16th April 2002. The event stud-
increase in acceleration was required. ied in this paper occurred at around 12:50 UT

Typically below a lifting flux ropgCME there is a com-
plex array of rapid loop and footpoint brightenings, plagetsa
and other types of ejecta (e.g. Shibata et al. 1995). A movifigcond cadence and an image scale of 0.5” per pixel. Standard
high-temperature (15MK) source has been reported by TauniBtage corrections were first applied before the pointifigeds
(1997) in a 2nd December 1991 limb flare. This plasmolere corrected using the methods described in Gallaghér et a
formed during the impulsive phase, above the X-point and ro2003). At approximately 12:55 UT, the end of an arcade start
with a velocity 0f~96 km s, It is understood that the X-point {0 brighten as the loops begin to fill with hot plasma. These
represents the presumed magnetic reconnection regioneand®0°Ps appear to grow in height as the presumed reconnection
low this are V-shaped high temperature ridges represetitang continues, and a cusp feature forms at around 13:10 UT. When
newly reconnected loops. A hard X-ray (HXR) source is |ghe region above the bright loops is examined more closdy it
cated at the top of these soft X-ray (SXR) loops; caused by th@ssible to see a flux rope, which began rising at about 12:54
fast shock acting on the newly reconnected loops. Due to t4a- This can be seen clearly fer20 minutes and was easily
symmetrical nature of the reconnection, outflows must occti@cked.
both upward as well as downward and it is believed that the Fig. 3 shows the rising flux rope more clearly. It is likely
upward flows are responsib|e for the p|asmoid_ to contain heated filamentary material. This will allow tHe fi

The event we present was part of a homologous series fgtent material to be seen as emitting for a short time before
analysed by Veronig and Brown (2004) and Sui et al. (2004poling again. With the identification of a common feature a
They found that three homologous flares occurred betweegight-time profile can be extracted from ffiRACE data cube.
14th April and 16th April 2002. This paper concentrates ohhis is achieved by tracking the leading edge of the feature
the 16th April event. Sui et al. (2004) focused on Ri#ESS by visual inspection. This process was repeated five times to
(Lin et al. 2002) data and identified an associated CME in tAghieve a consistency, with an error€ pixels. The resulting
LASCO catalogue for their April 15th event. We will demonheight-time plot for the rising flux rope can be seen in the top
strate that there was also an associated CME with the 16ih Apanel of Fig. 4.
event. We analyse an extensive array of data and will usézthis  Initially it was assumed that the height-time plot could be
investigate the acceleration of the CME, as well as the airomepresented with two linear fits. One was calculated for tisé fi
hard X-ray source. nine minutes, the other covered the remainder of the observa
tions. There is a small data gap following the first fit aftefath
. the flux rope appears to have increased its velocity. At first t
2. 16th April 2002 Event flux rope moves with a constant velocity-o#5 km s, which
The flare on 16th April 2002 occurred atl2:52 UT in the was determined from the gradient of the fit with an acceptable
northwest quadrant of the Sun (NOAA Active Region 9901R? statistic at 0.89. The second linear fit indicates an inereas
From the Geostationary Operational Environmental Sggellin the velocity to some 75 knts, where the fit had an Rsta-
(GOES) soft X-ray light curve (Fig. 1) we see that the M2.8stic of 0.99. However, it is not possible to obtain a gooear
flare lasted for three hours. Fortunately many instrumebts dit for the whole time period.
served this event over a broad wavelength range, thus alipwi  In addition there is CDS (Harrison et al. 1995) data for this
for a comprehensive study. event. The CDS slit was above the limb at945” and cen-
tred at y=400" (Fig. 5). The instrument was in a 'sit and stare’
mode using the 2x240” slit while observing in Fe XIX. A sim-
ple stack plot of intensity slices against time is also pmésg
The event from the 16th April 2002 was observed inTRACE in Fig. 5. It is clear that just after 13:00 UT there is a rising
195 A band for the entire duration of the flare (Fig. 2) with a 1ibop or filament, which is viewed by the slit and seen as a cres-
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2.1. Observations of a rising flux rope
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Fig. 2. A time series ofTRACE 195 A images. It clearly shows the formation of the flaringaaike with the formation of a cusp towards the
end.

cent shape in this figure. This crescent is the mirror image 22. RHESSI observations of a rising coronal source
the rising loop, because the tip passes through the slifdikst

lowed by the Iggs._The fiming is consistent with that eXp@Ct%?HESSI observations provide an additional dataset for this
from observations in the low corona and can be seen as a CIQSSht Light curves for the flare in the 3-6, 6-12, 12-25 and
in Fig. 4. By studying the Doppler velocities of this feature 25-50 keV energy channels have been con’struct;ad but above
can see that the bottom left section of the data, which reptes 50 keV there is almost no emission. The light cur\’/es show
its leading edge, has a blue shift whereas the rest of the loé)Beak around 12:57 UT in the 3-6 6—12 and the 12-25 keV
structure is red shifted. This is suggestive of helical flowsh channels with a much larger, smoot,h light curve beginning at

lar picture. However, we recal_l that e_ru_pting filaments aee | struct images, a sample of which can be seenin Fig. 6. The im-
quently observed to ShOW_ helical whirling motions. Therefo ages were constructed over 5 rotation periods (approxiynate
we bel_le\_/e t_hat the or_gamsed pattern of blue-_sh|ft follavag 20 seconds) in 5 keV bins. Grids 3-9 were used in the process-
red-shift |nd|ca.tes he“?al ﬂ.OWS and is suggestive of a fper ing giving an angular resolution of 7”. General agreement
structure for this erupting filament. with the configuration illustrated in both Veeronig and Brown
(2004) (for the event on the 15th April 2002) and Sui et al.
(2004) is shown. The most intense emission comes from the
loop top source, which Veronig and Brown (2004) describe as
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Fig.3. TRACE 195 A images, with a reverse colour table. The field of view tesn reduced to give a much clearer view of the lifting flux
rope. The images are a time series from top left to bottont.riie lifting flux rope is seen as the dark feature expandimgtds the right.

a loop so dense as to be collisionally thick at electron dasrgearlier, is between 45 and 75 kmtsThis is suggestive of an
up to 50 keV. intimate link between the two phenomena.

In most cases the majority of the emission is located at the
dense footpoints of flaring loops. In all cases of this homolo The coronal source appears weak from the light curves of
gous series, of which this flare is a part, the loop itself asta the diferent regions. We have included in this paper the light
dense target. In addition there is another source locategeabcurves for the coronal source in the 10-15 keV band and also
the loop top source (a coronal source); also observed bytSuia the loop top and footpoint sources (i.e. the whole loop) i
al. (2004) in the 16th April event. This is clearly identified the same energy range (Fig. 8). The light curve for the cdrona
images reconstructed with the PIXON method over 5 keV wid®urce was constructed by taking a large box around thesourc
energy bins, in the 5-10, 10-15 and 15-20 keV bands. Note tHatavoid contamination from the loop-top source the sangplin
the dynamic range RHESS images is considered to be 10:1area was moved with the source evolution. Therefore, it was
thus all measurements are limited to regions where the brighlso necessary to move a large sampling area with the loop,
ness is more than one tenth of the peak image brightness ataggin to avoid contamination. One can see immediatelyltieat t
given time. Although this source was observed by Sui et ahaximum intensity in the coronal source is almost an order of
(2004). They reported the source as stationary. However, nmeagnitude below that of the peak in the loop top and footpoint
tion is clearly seen in the height-time plot shown in Fig. RisT light curve. The emission is gradual and not very impulsive
source is weak relative to the bright emission from the lagp tin both the loop toffootpoint source and the coronal source,
and often appears to break up. However the position remaiihough the coronal source light curve is much more noisy.
consistent with an outward moving source where the bright-
est point from the collection of broken sources is used in the This moving coronal source was viewed by the CDS slit,
plot. It is clear the velocity of this source, at60 km s, is which had previously observed the rising flux rope. However,
comparable to that of the flux rope at the same point in timat this time there is little, if any, emission seen by CDS in Fe
The velocity of the flux rope, from the linear fitting perfordhe XIX.
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Fig.5. Left: TRACE 195 A image with a line illustrating the position of the CD8.sl
Centre: CDS time series of slit intensity images. CDS was’sit and stare’ mode and this image shows what happened thetiesslit over

the time of event. The crescent shape to the left of this imegeesents the lifting flux rope.
Right: Here we see the Dopplergram of the same data. Therchéstndicates the Doppler velocity where white is bluefteldi and black is
red-shifted.
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Fig. 6. The images in this figure are ARACE 195 A images. On these images ®4ESI contours at 80%, 60%, 40%, 20% and 10% of the
peak intensity. The top row shows contours from the 5-10 Ke&/second row shows 10-15 keV and the final row has 15-20 ketouos. Of
particular note is the coronal source. One can see thatdhisa moves with time from left to right, i.e. upward.

2.3. Cooling down-flows above areliable threshold is shown. The source expandadn si
to a maximum o~65" at around 13:35 UT and then gradually

Continuing with the CDS observations shown in Fig. 5, we firfdecreases. This is consistent with the results seen in azepa
that the helical structure in the rising flux rope is followeyl dataset formed frorfTRACE. If we take the image cube and

a gap then by a bright source appears at 13:14 UT. Only dRf@duce a synthetic slit at the same position as that of CDS
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Fig. 7. This height-time plot is derived from the coronal HXR source
over three separate energy bands.

Cnts cm™

1.0.90

emerge, resulting in a complex region of magnetic activibye
flare loops appeared to connect opposite polarity magnatic c
centrations, belonging to filerent bipoles. The shape and ori-
entation of the loops in this active region (AR) may be deter-
mined by producing a coronal field model and identifying the
Fig.4. Top: Height-time plot for the lifting flux rope as seen byfleld lines that best m_atch Fhe observed loops. .In this way we
TRACE. The cross represents the leading edge of the flux rope as sé@R 90 from the 2D view given by the observations to the 3D
by CDS. Below the best-fit lines are the data points from theral  View provided by the model. At the disk centre the component
hard X-ray source. Bottom: The hard X-ray light curve inéghgdall of the field orthogonal to the photosphere)Bwhich is the
data between 5 and 50 keV over the same time frame as the heigirte used as boundary condition in a magnetic field model, dif-
time plot above. fers very little from the line of sight (B value. Unfortunately,
moving away from this position, the measured line of sight
magnetic field become less representative pffairthermore,
and then produce stack plots, consisting of slices of thg@nahe field becomes highly distorted through foreshortening i
over a time range we get ti@&RACE equivalent of a CDS im- places where the field vector is inclined to the vertical, ing
age, as shown in Fig. 9. This image shows that the lifting fligenumbrae. In our case, AR 9901 is located very close to the
rope crosses the slit as in the CDS image with orfieénce; |imb (W69 N22) at the time of the event. However, we can pro-
the emission is from much cooler plasma. The legs of this ﬂld;éed, as done by Harra et al. (2004), and produce a coromhl fiel
rope can also be seen and they extend much further than inghgdel using magnetic observations obtained some daysebefor
CDS image. There is weak emission under the flux rope Bk arrival of the AR at the limb. We rotate the calculatedifiel
at around 13:14 the image becomes bright again. This cofthe location of the AR at the appropriate time and compute
pares well to the emission in CDS. This emission observed @ field lines that best fit the observed flare loops.
TRACE is largely due to the newly reconnected loops getting \we selected a magnetogram from the Michelson Doppler
higher with time and entering the field of view, although cleamager (MDI; Scherrer et al. 1995) taken on 14 April at 20:50
loops are not seen passing through the position of the shiein YT, 40 hours prior to this event and corrected the data assum-
TRACE movies. This is probably anffect of dynamic range ing that the magnetic field vector is vertical to the photasph
plotted at any one time, but the stack plot does show brightegith these corrected data as boundary conditions, we com-
ing of the region. The emission gap coincides with the passagited a coronal field model under the linear (or constgnt
of the X-ray source. Addltlona”y it may also coincide wittet force-free field assumptio‘n,x B = aB, using a fast Fourier
X-point (current sheet) passage. transform method, as proposed by Alissandrakis (1981).

The Doppler velocity diagram is formed in the same way as To determine the value of the free parameter of the model
in the previous part of the Fig. 5. However, this extendetbreg (o) we used an EIT (Delaboudiniére et al. 1995) image, taken
has a strong red-shifted component along the bottom and ##16 April, overlaid on a co-temporal MDI map to identify
remaining part is weakly blue shifted. To interpret this #sw the location of the magnetic footpoints of the flare loops rel
important to have a clear understanding of the loops strectitive to the active region neutral line. After verifying thhe
orientation. orientation of the neutral line had not changed from April 14
to April 16 (using an MDI movie), we obtained the value of
@ = 1.5 x 1072, With this value we could compute the field
lines that, when rotated to the time of the flare, best mateh th
Fig. 10 illustrates the presence of a single bipolar stmeduat EIT flare loops (whose shapes agree with those offtR&CE
on the 5th April. Over the following days, numerous bipole$95 A loops seen in Fig. 2)

5.0:0%]

P " 1
13:15 13:20

P | P S T '
3.05 1310
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2.3.1. Magnetic Field Extrapolation
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Fig. 8. The top light curve is constructed to show how the number
counts changes with time for the loop top source and the loop f
points. They have been grouped together as it is veficdit to dis-
tinguish between them accurately. The bottom light curtkasof the
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Fig. 9. A synthetic slitimage assembled from tRRACE data cube,
designed to mimic the intensity data gathered from CDS.

We can further relate the information of the magnetic field
model to the CDS velocities to understand the direction of
plasma flow along the observed structure, as by Harra et al.
(2004), . Following the flux rope passage through the slitehe
is a time period where the emission is very low. During this
time, the coronal X-ray source passes through the slit amiotpr
ably also the X-point. From about 13:10 UT we begin to see the
cusp region, where the material has begun to cool back ieto th
passband. This is much hotter than observedBHCE 195
A, therefore it is not unexpected that these loops are not see
at the position of the slit. However, the material is begigni
to cool as it has come back into view and is likely to continue
to fall. If one takes the extrapolations to be a represeoriati
of the loop orientation, then down-flows in the northern half
of the loop would have a blue-shifted velocity and convarsel
the southern half would be red-shifted. We also see enhance-
ment of the blue-shifted values in the north. However, due to
line of sight dfects the red-shifted region can be foreshortened.
Additionally low velocities are expected at the top of thegs.

Fig. 5 shows a large grey region in the middle, possibly where
the loop is almost perpendicular to the line of sight.

With the assumption that the velocities measured in CDS
at both sides of the central region are mainly due to plasma
flows along field lines whose shape and direction are similar
% that of our extrapolated loops. We can combine the direc-
tion of the line of sight velocity with that of the Bline of
sight magnetic field component) along the legs of the com-
puted loops with the vector magnetic field (see Eq.(1) in &arr
etal. 2004) and attempt to determine the direction of themia
flow. From the extrapolation we find that Boints towards the
observer along both legs of the computed loops, while thee lin
of sight velocity component (¥points towards the observer in
the north and away in the south. The plasma appears to be flow-
ing down along both sides of the observed structure compared
to the direction of the field given by the arrows on the lines in
Fig. 11. Therefore, we suggest that hot material is fallilogpa
the newly reconnected loops as it cools.

2.4. The CME

The observed flux rope, previously seen in the low corona, is
later seen as part of a CME in LASCO (Fig. 12). CMEs related
to filament eruptions are thought to have a three-part strect
(Iling & Hundhausen 1985), indicating the initial leadiadge
seen in LASCO C2 is not representative of the leading edge in
the TRACE 195 A movies.

The three-part structure consists of a bright front, fokaw
closely by a cavity thought to be the magnetic structure of a
flux rope and then a bright core region thought to be the fila-

The extrapolated field lines are shown in Fig. 11. From tHeenfprominence material it contains. Accepting our initial ob-

view of the extrapolated loops on 14th April, it is clear tha

servations iTRACE 195 A are of the flux rope, it is, therefore,

southernmost footpoints are to the west, whereas the marth@ot suficient to simply measure the leading edge of the CME
footpoints are more to the east. This is important infororati @gain in LASCO.

which would be impossible to determine from thRACE im-

The CME we observe is very slow and weak. It is impos-

ages alone. Note that the height of the loops was multiped bible to distinguish a clear three-part structure. We detitd
a factor of 2 to achieve a better match with the observatiomseasure both the leading edge of the CME and also the trailing

but this does not influence the spatial orientation.

edge through the use offtérence images. The front of a bright
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Fig. 10. A time series of MDI magnetograms, rotated to central marigiosition in the days running up to the event on 16th Apf@2@@ne
can see the evolution of the region from the top left to thedmtright where projectionfiects distort the image dramatically. In the image
from 14th April a box is drawn representing the region usetth@extrapolations of Fig.11.

@ (b)

Fig. 11. (a) Magnetic field lines extrapolated (local field of view,ibthe AR is located at disk centre) in the linear force-frgpr@oximation

(@=0.015 Mnt?) using a SOHEMDI full-disc magnetic map as boundary condition two day®ipto the event. (b) As in (a) in a filerent

point of view to enable one to see the arcade orientatiomAgdh (a) with the AR rotated to the time of the event. The axesnaeasured in
Mm and the field of view extends from 290" to 428" in the Nortbefh direction and from 838" to 977" in the East-West direst{see Fig.
2). The isocontour values a#e100, 500, 1000 G.

region signifies the leading edge and the front of the dark trathe heights measured in LASCO to be achieved. This is consis-
ing region has been classified as the rear. This provides ouent with the results of Gallagher et al. (2003) who had a sim-
boundaries for the location of the previously mentioned flutar plot for the 21st April 2002 CME. Note that their LASCO
rope. measurements were leading edge based, possibly giving a de-
ceptively high value. However, an exponential rise is resgli
With these additional points (Fig. 13), obtained fronfor their dataset. In this event an exponential fit for theidap
LASCO C2, it becomes obvious that simple linear fits are na&ing phase and a linear fit for the LASCO section, results in
appropriate. Itis impossible for a linear fit to be consisteith  good fit with a high R statistic (0.99 in the growth section and
these combined observations as the required altitudesotanioe in the linear region). When combined, we caffiedienti-
be reached in the time available. Instead some other fit WaRSs these to give ave|ocity prof"e and an acceleration prag|
required to account for this rapid increase in altitude.es@V seen in Fig. 14. The flux rope clearly slows down following the
samples of fits are shown in Fig. 13. An exponential fit is mogkak as throughout the linear phase the velocity remains con

plausible, which rules out a constant acceleration prodéss = stant at 135 km¥. Although a dashed line from the end of the
fits both theTRACE data section of the plot and also allows
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Fig. 12. LASCO C2 diference image of the CME on 16th April 2002
at 13:50 UT, where the CME can be seen emerging from the daagult
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Fig. 13. Height-time plot for the lifting flux rope as seen BRACE
and LASCO C2, with three flierent types of fit. The crosses repre- 1
sent the leading and trailing edge of the LASCO CME. We have an 004
exponential growth, which can be seen to meet the requirigghtie

the required time. Then there is the polynomial fit and thedirfit

which can never reach the required heights. o1 M 2000 4000 6000 8000 10000

Time From The Event Start (s)

Acceleration (km s?)

TRACE data to the beginning of the C2 observations is plotted,

we have not dferentiated. Fig. 14. Height-time plot for the lifting flux rope as seen BRACE
and LASCO C2 with error bars representing five pixels. Theéndds
line represents the continuation of the exponential fit ®@TRACE

3. Discussion data. This is followed by the velocity profile and accelematprofile
derived from the first and second derivative of the fits to thead

We have summarised our findings in a diagram as shown in

Fig. 15. Based on a model suggested by Shibata et al. (1995),

however, we have added the velocity information for the even The lifting flux rope was seen MRACE 195 A and CDS
studied above. The diagram shows the lifting flux rope, beldwe XIX, followed by the CME in LASCO C2. It was best
which is the current sheet where reconnection occurs, andsfiown in Fig. 3 that had a smaller field of view. The reason
nally beneath this are the cooler flare loops. Traditionatly for this lift off is unclear and many models attempt to explain it
the footpoints of these flare loops there is hard X-ray emi.g. Forbes 2000; Torok et al. 2004). With careful stutithe
sion from the collision of high-energy electrons impactihg TRACE 195 A movie it is apparent that there is some global
dense chromosphere. However, in this event, footpoint-emieformation of the flux rope system although quantitativame
sion is much lower than expected due to the unusually derssgement of this is dicult. As it rises it crosses the CDS slit
loop top. field of view (Fig. 5). The Doppler velocities from the same
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~120kn S in netic extrapolation (Fig. 11) we are seeing the falling mate
either coming towards or moving away from us. We believe
that observations represent this rather than general luiqks

age as the largest Doppler shifts are seen to be at the edges of
this expanded region with much lower velocities in between.
However, it is very diicult to distinguish between these two
mechanisms with the available data. It may be that this grey
region represents the global shrinkage and the bright ealges
from the loop leg down-flows.

The flux rope continues to rise and is observed as a CME
in LASCO C2. The leading edge was measured along with the
rear of the CME and the two lines were plotted on the height-
time plot, which can be seen in Fig. 14. It is clear that a mas-
Fig. 15. Cartoon representing the entire event, based upon our-obsdve velocity change would be required in order to reach the
vations from all instruments. C2 heights in the available time. Only the exponential fiorct

can provide this. This exponential growth is present inlidea
] o ) ) ) stabilities such as the kink instability simulations byrd® et
figure indicate that there is an inherent helical structdrhe (2004) and Kliem et al. (2004). These authors suggest the
loop, highlighted by helical flows. A similar observationsvayiny instability of a coronal flux rope as a possible initiati
made for an on-disk flux rope by Foley et al. (2001) and Pikge hanism of solar eruptions. Our data suggests that the CME
& Mason (2002). They found that there was significant blyg,s either reached a steady state by the time it is observed by
shift attrlputed to _the rising flux rope .and a red shifted com-asco oris slowing down. Gallagher et al. (2003) presented
ponent, either attributed to an untwisting of the flux ropéoor o eyent with a very similar profile with additional data from
falling material. In the case of the 16th April 2002 red angbl | j\/cs which provided a valuable point betweERACE and
shifted emissions were found on opposing sides. LASCO. Even without this we are able to show that an expo-

From Fig. 15, as the flux rope begins its liftf@hase, it nential function is required to produce the altitudes regglin
would drag magnetic field lines with it. This would stretcle thihe aliotted time frame.
field benegth it forming acurrent sheet. At this point magnet The fit that we produced could also béfdrentiated to give
reconnecton can eginand oo canh re, 2, GO i an acceeraton profies. We can s hat Mreen
J P ' : falls in the impulsive acceleration category defined by Zhetn
event show a loop top source and weak footpoints. The loop tglp(2004) Much like their event. it can be described in aéhr
source is unusually bright relative to the footpoints. Asfg ) : '

that this event is homologous with these of the previous t ct‘ase scenario. First there is the initiation phase, cletiaed

. . . L the slow rise in the corona. In our case this corresponds to
days, then it is described as a loop which is collisionallgkh y P

at electron energies up to 50 keV (Veronig and Brown ZOOAICF.GTRACE 195 A observgﬂons. W? were able to measure this
ver some 24 minutes with a maximum velocity~af00 km

There is a coronal source observed up to 25keV, and shown_lm_ Throughout this time period the GOES light curve begins

Fig. 6. Thi d and foll he rising fluj
ig. 6. This source moves upward and follows the rising WX e to a peak at 13:25 UT.
rope with a comparable velocity to that of the flux rope, imply i o )
ing an intimate link. We suggest that this indicates the form | "€ sécond phase, characterised by a rapid increase in ve-
tion of a plasmoid as observed by Tsuneta (1997). This soul@€ltY: is the most problematic for us to profile. We have adat
was tracked by plotting the brightest point location andlsan 98P throughout this phase. However, using the LASCO data
seen in Fig. 4. f':md the. end of .théTRACE data as |ImI.tS we are cor_1f!den_t there
From Fig. 5 we see that following the passage of the filg @ rapid velocity increase during this time. The nsmgﬁE_nt
rope there is a period of weak emission. This correspondieto f¢tually speeds up by a factor of 1.7 at the start of the impul-
passage of the coronal X-ray source and may also correspaif§ nergy release and as our fit shows must go through furthe
to the magnetic X-point or current sheet. When one studies ficCeleration before reaching 1.5 solar radii.
TRACE 195 A movie closely, the brightening of loops and the The third and final phase is merely a propagation phase
formation of a cusp can be seen, the peak of which is |ocawah little or no acceleration. Our case indicates that the a
around the position of the CDS slit at the time of the gap. A thceleration falls to zero, as suggested. A linear fit dessrihe
point the emission measure would be low and little emissidifial stages indicating the velocity drops to a mer&35 km
would be expected. This is also apparent if one studies ok stsh.
plot from TRACE in Fig. 9. Even here there is little emission in It is noteworthy, however, that our second and third phases
that location and time period. both correspond to the decay phase on the GOES light curve.
Following this time there is an extended period of about 9Ihis is in contrast to the work of Zhang et al. (2004), in which
minutes, when the velocity pattern suggestive of down-flowthe second phase corresponded to a rapid increase in GOES
along the newly reconnected loops is observed. The Doppllex. We have demonstrated that the X-ray emission rise is co-
velocities seen by CDS in Fig. 5 suggest that when taking intecident in time with the CME initiation phase, which sugges
account the orientation of the loop determined through maaphysical link.

45-75km S
In the low
Corona

Current Sheet
and Jets

Cooling
Material
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4. Conclusions Handy, B. N. et al. 1999, Sol. Phys., 187, 229
ra, L. K., Mandrini, C. H., and Matthews, S. A., 2004,

. . ._Har
We have seen that the 16th April 2004 event is aSSOC|ate850L Phys., In Press

with a flux rope (filament) lift, forming a CME. This CME arrison. R. A.. Sawver. M. K. Carter. M. K. et al.. 1995
has a height-time profile that requires an exponential fit %Sol Pﬁys. 162 2\:,3\%/ T T " '
achieve the observed altitudes in the given time. This expg-_ ” '
nential growth suggests that the acceleration is causedrbg Sﬁﬂmg, R.M.E., Hundhausen, A.J. 1985, J. Geophys. Res., 90

. . o : : o 275
!<|nq of |n§ta}b|llty, which may be attributed to the kink iabil- Kliem, B.. Titov, V. S. and Torok, T., 2004, AGA, 413, L23
ity in the rising flux rope.

As the flux rope/ filament lifts it is seen to have heIicaIK“mChUk’ J. A, 2000, P. Song, G. Siscoe, et al. (eds.) AGU

flows, suggesting a helical magnetic structure. This is $een Monograph Series, Agu, Washington, 143
: Kohl, J. L., etal. 1995, Sol. Phys., 162, 313
be the case through Doppler measurements with CDS. Lin. R. P. et al.. 2002. Sol. Phvs.. 210. 3
There were also observations fré(fHESS which show the N v , 20 FTYS:, :

loop top source much brighter than the footpoint sources ha{lse;gglf’ T- R, Hudson, H. S., Kosugi, et al. 1996, ApJ, 466,

similar to the ones first observed by Veronig and Brown (zoozpike C. D. and Mason, H. E., 2002, Sol. Phys., 206, 359

Inaddmon,_ h_owever, there wa_sacoronal source that appea.rScherrer, P. H., Bogart, R. S.& Bush, R. I. 1995, Sol. Phys.,
follow the rising flux rope, and is above the top of the cushwit

a velocity comparable to that of the rising flux rope. It iseli 162, 129
velocity compe e rising flux rope. ISk opp0 'k Masuda, S., Shimojo, M., et al., 1995, ApJ, 451,
that we are seeing tHRHESS manifestation of the plasmoid L83

observed by Tsuneta (1997). This source passes through
CDS slit although it cannot be seen in the Fe XIX passband, 3515t ESLAB Symp, ‘Correlated Phenomena at the Sun, in
it is almost certainly at too high a temperature. the Heliosphere ana in Geospace’ '
Additionally from magnetic extrapolations we have detegui L. Holman. G. and Dennis. B 2604 ApJ, 612, 546
mined that the flux rope lifts mostly in a westward directio br’bk”T Kliem' B. and Titov V S 200’4 A&'A 41’3 L27
with an dfset towards our line of sight. From study of the CD sune,ta.’s 199’7 ApJ 483 507 v ' ' '
Dopplergrams we have also seen that in the cusp region un\ggrronig ,A .M an,d Bréwn J C. 2004, ApJ, 603, L117
the expected location of the current sheet there are likebet an J .De-r,e K p Hov,va.rd -R A ,et al ' A J’ 604. 420
down flows along the newly reconnected loops. These proba%R/ g B B » AP, '
contain hot material, which is cooling and falling back tods
the surface.

ét[].eCyr, 0. C.,Howard, R. A,, Simnett, G. M., etal., 1997 ,@ro
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