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same source region
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Abstract. On June 2, 2003, SOHO/LASCO coronagraph observed two CMEs atthe West limb of the Sun, at 00.30 and 08:54
UT, respectively, which appeared to originate from the samesource region. Both CMEs show the typical three-part structure.
These events have been also observed by SOHO/UVCS, allowingus to infer their physical parameters. We also looked for
interplanetary signatures of the CMEs in ACE ’in situ’ observations but we did not find evidence of the ejected flux rope;
however, the solar wind appeared significantly distorted, probably as a consequence of the influence of both CMEs on their
surrounding interplanetary plasma.

Keywords: Sun: coronal mass ejections (CMEs) - Sun: UV radiation - Interplanetary Physics: ejecta, driver gasses and magnetic clouds
PACS: 96.60.Ph

INTRODUCTION

Coronal Mass Ejections (CMEs) are sudden expulsions
of coronal plasma from the solar surface into the inter-
planetary space, with speeds that range from hundreds
kms−1 to thousands kms−1, produced by a loss of equi-
librium in the magnetic configuration. Magnetic recon-
nection is believed to play a fundamental role in the evo-
lution of a CME. As a consequence of the loss of mag-
netic equilibrium of a flux rope recent models, like the
“catastrophe model” (e.g. [15]), predict the formation of
a thin current sheet (CS) between the flare loops and the
CME bubble. Observational evidence for the presence of
a CS has been found (e.g. [5], [12], [20], [16], [2], [6])
both in LASCO [3] and in UVCS [13] observations.

Over the past decade a better knowledge of the phys-
ical properties of CMEs and associated CSs has been
obtained analyzing spectra acquired by UVCS. Electron
temperatures at heliocentric distances of 1.5− 1.6R⊙

in the CME front show a wide range of values, from
6 · 103K [7] to 2 · 106K [2] while values inferred for
electron density in the front are of the order of 1.0 ·
107cm−3 at 1.6R⊙ [2]. Evidence of CSs has been de-
tected in UVCS spectra from the emission of high order
ions, which are not observed in the quiet corona, like the
[Fe XVIII ] 974.9 Å line (e.g. [5], [12], [2], [6], [22]). De-
rived estimates at 1.7R⊙ give typical values for the elec-
tron temperature of(4− 6) · 106K and for the electron
density of(3− 10) · 107cm−3 [6]. In spite of these re-
sults, a lot of questions are still open about the properties
of CMEs and associated CSs, like, e.g., the mechanism
by which energy is accumulated and what triggers the

CME sudden energy release.
When CMEs are observed ’in situ’ in the interplane-

tary (IP) medium, they are called interplanetary CMEs
(ICMEs). These are transient structures that perturb the
stationary solar wind as they move away from the Sun.
The transit time of an ICME from the Sun to 1 AU is
typically in the interval 1 to 5 days [11]. However, if the
ICME finds another structure in the solar wind during
its travel, it can be slowed down, changing the expected
arrival time to Earth because of mutual interaction [8].
ICMEs present several properties significantly different
from the typical solar wind; the two most frequently ob-
served are their expansion along the radial direction from
the Sun [9] and their low proton temperature [21].

In this paper we study the evolution of two consecutive
CMEs that occurred above the same source region. We
analyze the physical characteristics of the CME fronts, as
observed by UVCS at 1.7R⊙, and we infer the properties
of the CS formed after each CME. We also analyze their
influence on the solar wind conditions at the Lagrangian
point L1 using ACE observations.

LASCO & UVCS OBSERVATIONS

The LASCO CME catalog shows that on June 2, 2003,
two partial-halo CMEs occurred at 00:30 and 08:54 UT,
respectively, above the same source region (active region
(AR) NOAA 10365), at position angles (PA), measured
counterclockwise from the north solar pole, 261◦ and
263◦. The measured projected speeds of the two CMEs
were 1656kms−1 and 980kms−1, respectively. Movies
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FIGURE 1. Distribution of the OVI 1031.9 Å line intensity
vs. PA over a time interval which includes the transit of the
CME front through the UVCS slit (∼00:30 UT).

TABLE 1. UVCS configuration during the observations
of the two CMEs.

Heliocentric distance 1.68R⊙
Position angle 263◦

Slit width 0.098 mm
Spectral bin size 0.4 Å
Spatial binning 42”
Observation time 23:46 UT (June 1 2003) -

02:05 UT (June 2);
06:08 UT - 15:58 UT (June 2)

of the events can be found in the LASCO website1.
On June 2, 2003, also UVCS acquired CME data. The

UVCS configuration is shown in Table 1. Both CMEs
are detectable in the UVCS spectra from the emission
of “cold” ions; the strongest lines are those of the OVI

1031.9-1037.6 Å doublet, but also the CIII 977.0 Å
(observed only during the passage of the second CME
through the UVCS slit) and the HI Lyβ 1025.7 Å (ob-
served in both CMEs) lines are present. Figure 1 shows
the distribution of the OVI 1031.9 Å line intensity vs. the
position along the UVCS slit, given in terms of PA, over
the time interval when the front of the CME crosses the
UVCS slit for the 00:30 UT CME; an analogous picture
for the 08:54 UT CME is shown in Figure 1 of [22].

ACE OBSERVATIONS

Solar wind data have been obtained by ACE (at the
Lagrangian point L1). The magnetic field observations
come from the Magnetic Field Experiment (MAG, [23])
and the plasma data from the Solar Wind Electron Proton
Alpha Monitor (SWEPAM, [19]). We explore ’in situ’

1 http://cdaw.gsfc.nasa.gov/CME_list/UNIVERSAL/
2003_06/univ2003_06.html

TABLE 2. Physical parameters of the CME
fronts.

CME I
(00:30 UT)

CME II
(08:54 UT)

Te (105 K) 1.6 1.6
EM (1025cm−5) 0.8 5

magnetic and plasma data between June 3 and 7, 2003,
to look for evidence of the CMEs on the IP medium.

PHYSICAL PARAMETERS OF THE
CMES

We give here the physical parameters of the fronts and
of the CSs associated with the CMEs, as obtained from
the analysis of UVCS spectra, and we describe the CME
properties, as observed by ACE.

From UVCS data, we derived the electron temperature
Te via the line ratio technique:

I(Xa)

I(Ya)
=

AX C(Te)Xa

AYC(Te)Ya

, (1)

whereI(Xa) andI(Ya) are the collisional components of
the intensities of the ionsXa andYa, AX andAY are the
abundances of the elementsX andY, andC(Te) is the
contribution function. OnceTe is known, we computed
the emission measure (EM) from the equation:

I(Xa) = AX C(Te)Xa EM , (2)

whereEM is given by the relationEM =
∫

N2
e dl, Ne is

the electron density and the integration is along the line
of sight (LOS). The electron density can then be inferred
assumingEM ≃ N2

e L.

Physical parameters of the CME fronts
from UVCS data

Because of the high speed of the CMEs, we can safely
assume that lines in the CME fronts form only by col-
lisional excitation (no radiative component). Hence, we
inferred the electron temperature using the ratio OVI

1031.9 Å to HI Lyβ and OVI 1031.9 Å to CIII 977.0Å
(only for the second CME), using coronal abundances
from [10] and ionization balances from [18]. Once the
electron temperature has been determined, we derived
theEM for both CMEs. The values obtained are shown
in Table 2.
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FIGURE 2. [Fe XVIII ] 974.9 Å line intensity distribution along the UVCS slit at different times and physical parameters of the
CS associated with the two CMEs.

Physical parameters of the CMEs
associated CSs from UVCS data

The CSs that form below both CME bubbles have been
detected in the emission from two high order ions, Si
XII 499.4 Å and [FeXVIII ] 974.9 Å . Their temperatures
and densities have been inferred from the ratio of the
intensities of these lines. However, for the first CS our
observations started six hours after the CME ejection.
At this late time, the CS was very faint and we had
to sum over the whole observing interval (two hours)
to derive a statistically significant value for temperature
and density (Te = 7.9 · 106K, Ne = 6 · 106cm−3). The
second CS was, instead, detectable over a six hour time
interval starting about 1 hour after the second CME
crossed the UVCS slit; so, we divided UVCS data in
five time intervals and studied the CS evolution in time.
The distribution of [FeXVIII ] line intensity in the second
CS along the UVCS slit is shown in Figure 2: the table
gives the inferred temperatures and densities over the
five time intervals. Density values have been derived
assuming a CS length, along the LOS,L = 8 · 104km
[24]. We found an ambiguity in the determination of the
temperature, and hence of the density, in the second CS
due to the concave shape of theR = C(Te)SiXII

C(Te)[FeXVIII]
curve

vs. temperature. The minimum of theR curve,R = 1,
corresponds toT = 7.9 · 106K, while for 1 ≤ R ≤ 4
a unique value of the ratio corresponds to two values
of the electron temperature. Temperature and density
values in Figure 2 are slightly different from those of
[22]. Present values represent averages over the whole
[Fe XVIII ] emission along the UVCS slit, while [22]
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FIGURE 3. In situ (at L1) plasma and magnetic field ob-
servations (ACE) for the time window between June 3 and
7, 2003. From top to bottom: absolute value of the magnetic
field (B = |~B|), magnetic field vector orientation in the GSE
coordinate system (latitude (θB) and longitude (φB)), bulk ve-
locity (V), expected (thick continuous line) and observed (dots)
proton temperature (Tp), and proton density (np). Vertical lines
mark different interfaces (see text).

pointed at the fragmented character of the CS and gave
separate values of temperature and density in individual
CSs appearing at slightly different slit positions.
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The ACE CMEs

Based on the observed times of the eruptions and their
typical expected velocities at 1AU, we explore the inter-
planetary magnetic field and plasma properties between
June 3 and June 7, 2003. Figure 3 shows magnetic and
plasma observations for this window.

Two regions (between dashed lines 1-2 and 3-4) can
be identified within our time window. In these time in-
tervals, the observed proton temperature (Tp) is clearly
lower than the expected temperature for the typical solar
wind [21] at a given observed bulk velocity [17]. An-
other no-Parkerian signature, observed in these intervals,
is the almost linear velocity profile along the Sun-Earth
direction that indicates a radial expansion from the Sun
of the fluid parcels. These non-solar wind features could
indicate the presence of two ICMEs. However, ACE data
do not reveal any charge state anomalies (see, e.g., [4],
[14], [25]) nor regions 1-2, 3-4 appear in the Richard-
son’s ICMEs list, because the observedTp values, al-
though lower than the expected temperatureTexp, do not
reach theTp/Texp threshold of 0.5, hence do not satisfy
the empirical criterium that identified ICMEs in Richard-
son’s list. Alternatively these regions correspond to the
presence of a solar wind significantly distorted by its in-
teraction with the ICMEs. Taking into account the ob-
served magnetic field (upper panels of Figure 3) and the
location of the solar source of the transients (west solar
limb), we favor the interpretation of regions 1-2 and 3-
4 in terms of the just mentioned interaction. The range
1-2 starts at 01:00 UT of June 4 and its bulk velocity is
consistent with an association with the first CME (CME
I), while the range 3-4 starts at 20:00 UT of June 4 and
its bulk velocity is consistent with an association with
the second CME (CME II). We conclude that data pro-
vide ambiguous indications and it is difficult to ascribe
the non-Parkerian solar wind signatures to a specific pro-
cess.

DISCUSSION AND CONCLUSIONS

We have observed remotely two consecutive CMEs orig-
inated from the same source region in the Sun and we
have analyzed the solar wind parameters observed ’in
situ’. We conclude:

(i) The morphology of both CMEs complies with predic-
tions of the “catastrophe model” for the instability
and ejection of a coronal flux rope.

(ii) The two CMEs have comparable temperatures (Te ∼
2 · 105K), but theirEMsvary by a factor 6.

(iii) Below both CMEs a CS appears whose temperature
(TCS) ranges between 106.7 ≤ TCS ≤ 107.2K, with
no significant difference between the two events.

However, the CS of the second CME has a higher
EM than the first CME.

(iv) Comparing ourTe andNe values with estimates in-
ferred by different authors in other events we con-
clude thatTCS is independent of the event and only
densities vary from case to case (see [5], [12], [2],
[6]).

(v) The interplanetary manifestation of both CMEs has
been identified in ACE data. The plasma velocity
and temperature data are somewhat ambiguous and
may be interpreted either in terms of ICMEs or of
a solar wind significantly perturbed by a transient
structure. The timings of both regions identified at
1AU are consistent with an association with both
CMEs, respectively.
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