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ABSTRACT

We present a new possibility to estimate the projectioncégfen coronal mass ejection (CME)
measurements. It is well known that coronagraphic obsensiiof CMES are subject to projection
effects. Fortunately, the WIND/WAVES observations of tyfieadio bursts associated with shock
waves are free from projection effects. We assume that @) Bnergy electrons are produced at
the shock front ahead of the CME, and (2) the radio burstsstahnien the shock reaches open field
lines (¢ 3Ry). In other words, the onset time of the radio burst corredgoto the time when
the CME leading edge reaches 3 R The difference between the onset times of CMEs and radio
bursts should be strongly correlated with the position of E2Mbn the Sun. This correlation seems
to be strongly dependent on solar activity. Using particlitzear fits on the scatter plots, we can
determine the source location of CMEs and tell how much tlogeption effect can really affect
CME measurements.
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1. Introduction

Since 1995 the LASCO experiment on board of the SOHO sateltitages
the corona continuously with high sensitivity and dynand@oge (Howardet al.
1997). In spite of major advantages over previous instrusjerservations by the
LASCO coronagraph are still affected by a projection effegpecially for coro-
nal mass ejections (CMESs) originating on the disk (Howetral. 1982). Coro-
nagraphic observations, recording photospheric photoagesed on electrons in
solar corona, do not allow us to find the space properties oaahyc structures ap-
pearing above the Sun. Parameters describing propertieséfs such as velocity,
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acceleration, heliocentric distance and width are detsgchin the plane of the sky
only. Coronal mass ejections originating from regions elts the central merid-
ian of the Sun and directed toward the Earth can cause sesemagnetic storms.
These crucial parameters could be useful to define geowefiess of CMEs. A
definite correlation between the longitude of the solar sewand speed of CMEs
(Gopalswamyet al.2000) confirmed the existence of a significant projectioaaff
Attempts made to estimate the projection effect based otottaion of the solar
source are based @u hocassumptions on parameters such as the width of CMEs
(Sheeleyet al. 1999, Leblanc and Dulk 2001). Recently, Michaélal. (2003) and
Xie et al. (2004) used a cone model for CMEs trying to determine thepasm-
eters in describing full halo CMEs. In this paper, we attetoptorrect it for the
projection effect, based on radio bursts in the decametetemetric (DH) wave-
length regime, observed by the RAD2 receiver of the WIND/VEES/experiment
(Bougeretet al. 1995). The RAD2 receiver covers the decameter-hectom@iit)
frequency range 1.075-13.825 MHz, which corresponds tdrirmesition region
between the solar corona and interplanetary mediwemfrom ~ 2 R;t0 20 R; .
Interplanetary radio bursts associated with shocks (typeslectron beams (type
Il burst) and moving coronal structures (type IV burst) ateserved in this do-
main. All these radio bursts are produced by non-thermaitelas. The fast-drift
type 1l radio bursts appear when a beam of energetic elestpasses through the
interplanetary plasma. Such a situation arises when etergjectrons produced
by CME-driven shock waves enter open magnetic field strectédt heliocentric
distances> 2.5 R, the solar wind begins to dominate and open magnetic field
lines are seen in the interplanetary medium (IP). The lo&@dma frequency at
these distances is typically about a few MHz, consistert Wié onset of type IlI-
like bursts associated with CME-driven shocks (Regteal. 1999, Bougereet al.
1998). In the present paper we combine white light CME olzerns made by the
LASCO coronagraph and radio burst observations of the WINMB/ES experi-
ment to estimate the projection effects. We assume thatigh)dnergy electrons
are produced at the shock front ahead of CME, and (2) the tjligd radio burst
starts when the shock reaches open field limre8([R-). In other words, the onset
time of the type IlI-like radio burst corresponds to the timieen the CME leading
edge reaches 3R The difference between onset times of CMEs and radio bursts
should be strongly correlated with the position of CMEs oa un. We found
this correlation to be significant with correlation coeféict, R= 0.76+0.01. We
produced scatter plots of delay time.event longitude and showed that this corre-
lation strongly depends on a solar activity phase.

2. Determination of Delay Time

We consider a sample of 60 type Il burst events (covering a feriod from
April 1997 through July 2000) in the decameter-hectomg(iiél) radio window
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(1-14MHz). Gopalswamet al. (2000) showed that all the DH type bursts are as-
sociated with large-scale CMEs. In a similar fashion, wefiified the white light
CMEs corresponding to each of these type Il bursts. For easit @ve also identi-
fied the heliographic location based on the position of tleeftére or the position

of the filament eruption. We obtained from LASCO observatibright-time plots

of CMEs (Yashiroet al. 2004) to extrapolate the estimated tinTe, when CMEs
would reach in the plane of sky a heliocentric distance of.3 Ro avoid acceler-
ation effects,T; is estimated from measuring only four LASCO frames when the
height of a CME is closest to 3R Similarly, from the corresponding WAVES
spacecraft dynamic spectra, we determine beginning timeor the type Il radio
burst. We have to note, that the starting frequency of thiordurst should be

in the vicinity of 7 MHz which corresponds to the helioceatdistancex~ 3 R, .

Of course, Ty strongly depends on projection effects and should be delath
respect tol,. The delay timeAT = T, — T, should increase with decreasing lon-
gitude of CMEs. It is important to note that the time accuratpoth instruments

is very good. Any errors which could affect determinatiortioé delay time origi-
nate from the fitting procedure. The standard deviationrdaiothe delay times in

all figures are shown as bars. We have to mention that we camdeday timevs.
solar longitude only. CMEs mostly originate very close te solar equator (for the
considered CMEd4atitudg < 30°) and dependence of the delay time on latitude is
assumed insignificant.

3. Reaults

The longitude constraint was placed on all events. In Fighé&,scatter plot
shows a definite negative correlation (correlation coeffitR = 0.764+0.01). The
solid line is the linear fit to the data points. It is clear ttia correlation is signifi-
cantly affected by velocity and width of individual even®/ith the same location
on the Sun, faster and wider events should have smaller dieteey This seems
to be confirmed by Fig. 2. In the two respective panels, wegntescatter plots
of delay timevs. event velocity for disk and limb events. The solid lines dre t
linear fits to data points. The velocity of disk events showgative correlation
with delay time. For limb events, which are free from proiecteffects, this cor-
relation is poorer and the delay times are shorter in corsparivith disk events.
We need to remember that solar corona properties depenckdodftion above the
disk and solar activity. By looking at different solar adtjvphases, the correlation
coeficient may determine the location of the CME in the sotapwa. In Fig. 3,
the correlation between the delay time and longitude arergfer events during
the ascending (years 1997-1998) and the maximum phaselRphstvity (years
1999-2000). The correlation coefficient increased for &/enring the ascending
phase of solar activityR= 0.824+0.02). The dashed lines are linear fits to the
data points for the respective solar phases. The solid firteé bottom panel is
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CORR=0.76+0.01, ALL YEARS
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Fig. 1. Scatter plot of the delay tim&T = T; — T») against event longitude (correlation coefficient
=0.76). The solid line is the linear fit to the data points.
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Fig. 2. Scatter plots of the delay timAT = T; — T») vs.event velocity. The solid lines are the linear
fits to the data points. Thepper paneis for disk event with longitude< 60°. Thebottom panels
for limb events with longitude> 60° .
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CORR=0.82+0.02, Years 1997+1998
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CORR=0.77+0.02, Years 1999+2000
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Fig. 3. In the respective panels we present the scatter@ithe delay time AT = T; — T ) vs.event
longitude during the ascending (1997-1998) and maximunsgshaf solar activity (1999—2000) as

well as for the whole period (1997-2000). The dashed line$iaear fits to the data points. The solid
line in thebottom panels for comparison only and shows linear fit to all events fraum gample.
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Fig. 4. In the respective panels we present the scatter@ithe delay time AT = T, — T,) vs.event
longitude for northern, southern and entire solar heliesph The dashed lines are linear fits to the
data points. The solid line in tH®ttom panels for comparison only and shows linear fit to all events
from our sample.
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for comparison only and shows the linear fit to all events. Fuotination of the
linear fit during maximum solar activity is steeper in compan with the slope of
the linear fit during the ascending phase of solar activitfisTneans that during
the maximum solar activity closed coronal magnetic fiele@dirare open at higher
heliocentric distances. Thus, during the maximum solaviacthe delay times are
smaller. In Fig. 4 scatter plots of the delay tim® longitude for events appearing
at the northern and southern heliosphere are presentethe&a® dashed lines
represent linear fits to the data points. Now, the correfatioefficient is larger for
southern eventsR= 0.83+ 0.02) in comparison with northerrR= 0.70+ 0.02)
events. This suggests that the solar corona is more orderéa inorthern hemi-
sphere. The slopes of the linear fits (compared in the loweelpdor both hemi-
spheres are very similar. We can see similar differencesdssi the eastern and
western hemispsheres. In Fig. 5 we present the scatter gdfitihe delay timevs.

CORR=0.71+0.02, Eastern Events
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Fig. 5. In the respective panels we present the scatter@ithe delay time AT = T; — T») vs.event
longitude for eastern, western and entire solar heliosphEne dashed lines are linear fits to the data
points. The solid line in th&ottom paneis for comparison only and shows linear fit to all events
from our sample.

longitude for events localized in the eastern and westemispgheres. Finally for
comparison, both scatter plots are shown in one panel. Ngemte originating in

the western hemishpere have a higher correlati®e-(0.81+ 0.02) in comparison

with events located in the eastern hemisphé&te=(0.71+ 0.02). The slope of the
linear fits is similar for the southern and northern hemispheThe results pre-
sented in Figs. 3-5 show that the correlation between thaydighe and longitude
is strongly affected by the dynamics of the solar coronaepiends largely on the
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solar activity phase. On the other hand, we do not obsenvrefisignt changes in
the inclination of the slope when we consider events origigain different hemi-
spheres.

4, Summary

In the present paper, comparing data received from radiersason and LAS-
CO coronagraph, we tried to determine the correlation betwbe delay time
and longitude of CMEs. We found for all events a significantr&ation (R =
0.76+ 0.01) between the onset times of CMEs and radio bursts withoihgitude
of CMEs on the Sun. Unfortunately, due to different effedsadpboints were sig-
nificantly scattered around the linear fits. We showed trettrelation is affected
by velocity and width of individual CME events and the evadatof coronal mag-
netic field lines at different solar activity phases. Theelation could significantly
change during solar cycles. This means that open magndticlifies do not al-
ways appear at a heliocentric distance of 3.Ho improve results, we considered
CMEs appearing in different solar activity phases. We fotivad during maximum
solar activity closed coronal magnetic field lines are gg@nand open at higher
heliocentric distances in the IP making the delay times EmalVe demonstrated
that linear fits do not significantly depend on what hemispl&VES originate.

It is important to note that solar corona is an inhomogenabugture chang-
ing in space and time. The assumption that magnetic field lopen in the IP at
heliocentric distance 3 Ris only an approximation. This distance is variable and
depends on a particular event. This can be proven by comsidiémb events (lon-
gitude 90). An ideal situation for these particular events is that de¢ay time
should be equal zero. For events in our sample delay timesuidt CMEs could
be equal even to 20 minutes. In spite of very simple assumggi@d results (cor-
relation coefficients are significant) were obtained. Thespnted linear fits can be
used to estimate the projection effect for a particular CMiiew the delay time,
AT, is determined.
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