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Abstract—SOHO/EIT data are used to analyze dimmings, or transient coronal holes (regions of reduced
soft-X-ray and EUV emission), which are observed on the solar disk after halo-type coronal mass ejections
(CMEs). Simultaneous observations in the 171 A FelX/X, 195 A FeXIl, and 284 A FelX coronal lines,
which are sensitive to temperatures of T, ~ 1.2, 1.5, and 2.0 MK, respectively, are considered, together
with the 304 A Hell transition-region line (T, ~ (0.02—0.08) MK). Difference images taken at intervals
of six and twelve hours and compensated for solar rotation indicate that dimmings are normally strongly
pronounced and have similar large-scale structures in the moderate-excitation-temperature 171 A and
195 A coronal lines, while the higher-temperature 284 A line mainly display the deepest portions of the
dimmings. In addition, clear dimmings with relatively small areas are visible in the 304 A transition-
region line during many CMEs, in particular, in regions adjacent to the source of the eruption. Moreover,
dimmings in the transition region without coronal counterparts are observed during some events. These
results suggest that the opening of magnetic-field lines and the resulting density reduction that occur
during a CME can also involve cold plasma of the transition region. In addition, the effects of temperature
variations cannot be ruled out for some dimming structures. © 2003 MAIK “Nauka/Interperiodica”.

1. INTRODUCTION

Global restructuring and strong perturbations of
the magnetic field during coronal mass ejections
(CMESs) on the Sun are accompanied by large-scale
phenomena, such as dimmings, coronal waves, post-
eruptive arcades, etc. (see, e.g., the reviews [1—
4] and references therein). Dimmings, or transient
coronal holes [5—11], are regions of reduced soft X-
ray and EUV emission with lifetimes of several hours
to one and a half days. They are formed after the
CME near the eruption center, for example, at the
periphery of the pre-eruptive sigmoid structure, and
can cover a large portion of the solar disk. Analyses of
Yohkoh/SXT [12] and SOHO/EIT [13] heliograms
suggest that dimmings should mainly be interpreted
as a result of the complete or partial opening of the
coronal magnetic fields in these structures, which
results in the evacuation of material and a corre-
sponding reduction in the intensity of their emission.
Direct evidence for outflows from dimmings located
near an eruption center was obtained in [10] based on
the Doppler shifts of several lines recorded with the
SOHO/CDS spectrometer [14].

A coronal wave is a emitting front that can fairly
often be observed ahead of a developing dimming and
can propagate from the eruption center at a speed of

several hundred km/s [8, 15—22]. This wave is inter-
preted either as a MHD disturbance (shock wave)—a
coronal analog of the chromospheric Moreton wave
observable in Ha [23]—or as a result of the com-
pression of plasma at the advancing boundary of the
dimming—a region of opening magnetic-field lines
(24, 25].

If the structure of the global solar magneto-
sphere is relatively simple (as is typical near the
minimum of the activity cycle or during its growth
phase, when only one active region is present on
the solar disk), dimmings and coronal waves are
more or less isotropic, and develop in a wide-angle
sector symmetrically about the eruption source [8].
However, as is shown in [26], when the global solar
magnetosphere is complex (as is typical near the cycle
maximum, when several active regions, filaments,
and other structures are observed on the disk),
strongly anisotropic, channel-shaped (“channeled”)
dimmings can coexist with relatively compact dim-
mings adjacent to the eruption center. The channeled
and compact dimmings have comparable contrasts,
but the channeled dimmings stretch along several
narrow, extended features (channels) and can span
nearly the entire visible disk. In such cases, coronal
waves are either not observed at all or are also
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anisotropic and propagate within a restricted angular
sector.

In some cases, so-called twin dimmings are ob-
served, with the strongest intensity decreases occur-
ring in two regions adjacent to the eruption center
located symmetrically about the polarity-reversal line
and the posteruptive arcade [8, 9]. Such twin dim-
mings are probably the bases of a large-scale twisted
structure that exhibits eruptive behavior during the
CME (see also [2, 27]). The post-eruptive arcade is
formed when the strongly CME-disturbed magnetic
field in a vast coronal region relaxes to an equilibrium
state, reconnecting in extended current sheets high
in the corona, and accompanied by prolonged energy
release, particle acceleration (sometimes, to very high
energies), and the formation of a system of rising
loops [28].

To understand the nature of dimmings and coro-
nal waves, it is important to analyze observations
of these disturbances in various spectral lines and
wavelength ranges. Almost all studies of currently
known dimmings (and coronal waves) have been
based on Yohkoh/SXT observations in soft X-rays
corresponding to temperatures T, > 2.5 MK or/and
SOHO/EIT observations in the EUV FeXII line

(195 A), which are sensitive to coronal plasma at
T, =~ 1.5 MK [6-9, 11, 29]. These data are used
precisely because they represent full-disk images
obtained over fairly short time intervals—for example,
usually 12 min for the 195 A line. Meanwhile, full-
disk SOHO/EIT heliograms are also observed in
the 171 A FeIX/X and 284 A FeXV coronal lines
excited at T, ~ 1.2 and 2.0 MK, respectively, as well
as with a 304 A filter [13, 30], which includes the
Hell transition-region line (T, =~ 0.02—0.08 MK)
and the far less intense SiXI coronal component
(T, = 1.0 MK). However, the use of 171, 284, and

304 A heliograms is substantially limited by the
large time interval between solar images, usually six
hours. It is obvious that coronal waves cannot be
studied using such heliograms; however, the situation
is different for dimmings, since they have long life-
times. Observations in the same four EUV lines with
much higher time resolution are being carried out
by the TRACE space observatory [31], but, like the
SOHO/CDS spectrometer data[14], these data have
been used little in studies of large-scale dimmings
and coronal waves due to the restricted field of view of
these instruments [10, 32, 33]. Thus far, the analysis
of large-scale dimmings simultaneously either by

Yohkoh/SXT soft X-ray data and 195 A SOHO/EIT
UV heliograms or by SOHO/EIT UV data in three

coronal lines 171, 195, and 284 A has been carried out
for a few events only. Just these studies have revealed
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similarities between dimmings observed in coronal
lines corresponding to different temperatures and in
soft X-rays, and have demonstrated that the opening
of magnetic structures and decreases in the plasma
density in these structures play a more dominant role
in dimmings than do temperature variations. To our
knowledge, no observations of dimmings on the solar

disk using a 304 A filter have been analyzed to date.

In [36], 304-A heliograms were used to analyze only
one eruptive event at the limb.

We analyze dimmings here using data for all four
SOHO/EIT wavelengths, including the band con-
taining the Hell transition-region line. This requires
special methodological approaches, which are de-
scribed in Section 2. Four events are used in Section 3
as examples to illustrate the multi-temperature prop-
erties of dimmings observed in the FelX/X, FeXII,
and FeXV coronal lines and the Hell transition-
region line. We discuss our results in Section 4.

2. METHODOLOGICAL NOTES

In the standard SOHO/EIT observing regime,
heliograms in a 45" x 45’ field of view with a 1024 x
1024 frame and 2.6” pixels are recorded once every

12 minutes in the high-priority 195 A line and four
times each day (at about 1, 7, 13, and 19 UT) in the

171, 284, and 304 A lines [30]. Only during rare and
relatively short special programs is the twelve-minute

regime implemented for lines other than the 195 A
line. In such cases, however, data for the analysis
of some particular event in all four lines remain
limited and nonuniform. Moreover, the probability of
recording major eruptive events during such special,
short-term programs is not high. At the same time,
detailed analyses of the development of dimmings
and coronal waves in lines other than the high-
priority line are obviously of considerable interest,
and should be the subject of careful studies. We have
used here data of standard SOHO/EIT observations.
The corresponding FITS files are available in the EIT
catalog at http://umbra.nascom.nasa.gov/eit/eit-
catalog.html.

Events in which a CME and the main stages of
the development of dimmings occur during a six-
hour interval between observations in the 171, 284,
and 304 A lines are the most suitable for the desired
analysis, provided that no other major eruptive events
take place during this interval. The analysis in each
of the four lines includes comparisons of heliograms
taken before and after the event. The dimmings are
most pronounced in difference images obtained by
subtracting the pre-event heliogram from the corre-
sponding heliogram taken during or after the event.
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In such images, dimmings appear as dark features
with reduced intensity. However, a simple subtraction
of two images, especially over a six-hour interval,
will inevitably give rise to artifactual light and dark
features (spurious dimmings), since the solar rotation
leads to the displacement of features on the disk. To
avoid such effects, we employed an IDL procedure
before the subtraction to compensate for the solar
rotation, as is done in [26]—the images at each wave-
length are all rotated to a single reference position,
usually corresponding to a time before the event.

In particular, this procedure for rotating (aligning)
the images made it possible to analyze events that
culminated near one of the observational times in the
171, 284, and 304 A lines (i.e., 1, 7, 13, or 19 UT),
as long as the events were isolated. In such cases,
the difference images were constructed using frames
taken twelve hours apart, and both the reference and
subtracted frames were rotated to the time of a central
frame taken during the event; i.e., they were shifted
by six hours. For example, if the event occurred near
13 UT, the difference images were obtained from the
7 UT and 19 UT heliograms, which were first rotated
to 13 UT.

For adequate comparison of dimmings in all four
lines, rotated (aligned) images of six-hour or twelve-
hour intervals were formed not only at the 171, 284,

and 304 A wavelengths, but also in the 195 A line.
The much more detailed twelve-minute data at this
wavelength and the running- and fixed-difference im-
ages obtained from them after compensation for the
solar rotation were used to gain information on the
development of dimmings and accompanying phe-
nomena. The running difference images are produced
by subtracting the preceding heliogram from each
current heliogram, while the fixed-difference images
are created by subtracting the same reference image
of the disk (usually obtained before the event) from
all subsequent heliograms. The running difference
images emphasize changes in the brightness, loca-
tion, and structure of sources that have appeared dur-
ing the interval between successive frames. Changes
that have occurred during the event, including dim-
mings, are clearly visible in the fixed-difference im-
ages (naturally, relative to the chosen pre-event ref-
erence frame). Obviously, in forming difference im-
ages over a six-hour interval, there is no reason to
associate all brightness variations on the disk with
the eruptive event considered, even if it is an isolated
event, since weak independent activity is almost con-
stantly present in other regions of the disk, and also
manifests itself in the difference heliograms.

As in [26], the difference images were formed
in a restricted intensity range to make the dim-
mings better defined against the background of other
structures. As a result, the brightest sources (in
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particular, those arising during a flare and in the
posteruptive phase) are usually saturated. Natu-
rally, the outlines and some structural details of the
dimmings vary to some extent, depending on the
choice of intensity range. One more remark concerns
Grid-like patterns—systems of periodic vertical and
horizontal strips—that are fairly common in the orig-
inal SOHO/EIT images and have an instrumental
origin [13, 30]. In the rotated difference images, the
horizontal strips disappear but the vertical strips are
enhanced inside the disk, especially if the heliograms
are rotated by a large angle, corresponding to a six-
hour interval, as in this case.

This technique for the formation of six-hour or
twelve-hour SOHO/EIT difference images compen-
sated for solar rotation enabled us to analyze simul-
taneous manifestations of dimmings in the four EUV
lines.

3. ANALYSIS OF PARTICULAR EVENTS

We employed the above technique to analyze
several dozen eruptive events occurring in 1997—
2002, mainly related to halo CMEs recorded by
the SOHO/LASCO coronagraph [37] in which
the source of eruption was located in the cen-
tral zone of the visible disk. Some of these events
such as the rotated six-hour or twelve-hour dii-
ference images in the 171, 195, 284, and 304 A
lines, detailed data on the development of accom-

panying disturbances observed at 195 A presented
in the form of JAVA computer movies containing
running- and fixed-difference images, and other illus-
trations, including data on CMEs and the time pro-
files and relative depths of dimmings, can be found at
http:// helios.izmiran.troitsk.ru/ lars/Chertok/ Dim-

ming/general html.

To demonstrate the multi-wavelength character-
istics of the dimmings, we consider below the same
three events described by us in [26] in the context of

studies of channeled dimmings at 195 A, and supple-
mented them by another event with well-defined dim-
mings in the transition-region line. Thus, our study
can be considered as a continuation of [26], where
information on the first three events is given in more
detail; in particular, there we describe the develop-

ment of dimmings in the 195 A line based on twelve-
minute heliograms. For each of the events considered,
in addition to the rotated difference images showing
the dimmings in all four wavebands arranged in order
of increasing temperature, the corresponding figures
of this section include the original 284 and 304 A
heliograms illustrating the background against which
the eruption took place.

ASTRONOMY REPORTS Vol.47 No. 1l 2003
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Fig. 1. Event of May 12, 1997: (a), (b) pre-event SOHO/EIT heliograms in the 304 and 284 A lines and (c)—(f) rotated six-
hour difference images in the 304, 171, 195, and 284 A lines, illustrating the location and structure of dimmings in the transition

region and corona.

3.1. Event of May 12, 1997

The characteristics of the halo CME and related
quasi-isotropic large-scale disturbances in this well-
known eruptive event have been analyzed many times
[3, 8, 26, 27, 38]. The overall similarity in the locations
and shapes of the deepest dimmings near the eruption
center in the 171, 195, and 284 A coronal lines was
demonstrated in [8] using the original (not difference)
SOHO/EIT heliograms. It is interesting to analyze
the manifestation of the dimmings of this event in
the six-hour difference heliograms, using both the

coronal lines and the 304 A transition-region line.
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The eruption source was located in AR 8038 (re-
gion [ in Fig. 1), which was observed in the central
zone of the northern half of the disk (N21, W09) and
was essentially the only active region on the visible
hemisphere (Figs. la, 1b); the event as a whole was
associated with a long-lived flare of class 1F/C1.3
with its maximum near 04:50 UT. The CME recorded
by the SOHO LASCO coronagraph was classified as
a full halo emitting everywhere around the occulting
disk, but its brightness was maximum over the east-
ern, western, and northern limb sectors [38].

According to the 195 A observations, the mod-
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erately deep dimmings and coronal wave (in this
case, under the conditions of a relatively simple
global solar magnetosphere) were quasi-isotropic
and covered the visible disk almost entirely [3, 8, 26].
Under the chosen restriction of the intensity range
the deepest dimmings can be seen in the difference
heliogram between 07 and Ol UT (Fig. le), first
of all, as two darkened regions with similar sizes
and shapes (twin dimmings) situated symmetrically
about the eruption center, northeast and southwest
of the bright, compact posteruptive arcade 1. In
addition to the main dimmings 2 and 3 directly
joining to the posteruptive arcade, the intensity is also
considerably reduced in the fairly extended branches
2-4 and 3-5, which emerge from these dimmings and
stretch toward the northern polar coronal hole (CH)
and the heliographic equator, respectively. Branch
3-5 of the dimming broadens near its southern end
and has a faint westward extension along the equator,
to point 6. Two other narrow dimming branches, 1-7
and 1-8, originate from the eastern edge and southern
end of the posteruptive arcade, with the south-
ern branch 1-8 even intersecting the heliographic
equator.

Similar dimmings can be seen in the correspond-

ing 171 A heliogram (Fig. 1d); i.e., at a somewhat
lower temperature of the coronal plasma. Some dif-
ferences can be noted in the southern branch of the
dimming, which splits in region 5, while its westward
equatorial continuation 5-6 appears as two parallel
strips with a more pronounced darkening (deeper

dimming) than in the 195 A line. Another difference
is the lack of the transequatorial dimming branch 1-8

observed in the 195 A line.
The twin structure of the main dimmings 2-4 and

3-5is also reproduced in the high-temperature 284 A
coronal line (Fig. 1f). Of the dimming branches, the
southern component of the westward, near-equatorial
dark strip 5-6 is also visible here. In addition to show-
ing the dimmings, the emitting chain 1-9 is most
pronounced in this line; it has developed by this time
(07:06 UT) along the western edge of the northeast-
ern dimming 2-4, from the posteruptive arcade to
the southern boundary of the northern polar coronal
hole. As is shown in [8] and follows from analyses
of the available heliograms (including difference he-
liograms), within the next two to twelve hours, this
chain had stretched over the entire southern boundary
of the coronal hole, and was observed in the 171, 284,
and 304 A lines as well as in the 195 A line. As in other
similar cases [39], the formation of this chain seems to
result in connection with energy released due to the
interaction between the open field lines of the coronal
hole and large-scale magnetic structures involved in
the CME process.

CHERTOK, GRECHNEV

[t is important that manifestations of dimmings
are also pronounced in the six-hour difference he-

liogram taken in the 304 A transition-region line
(Fig. lc). Here, some analogs of the main coronal
twin dimmings, 1-2-4 and 1-3-5, are observed on
either side of the posteruptive arcade. The consid-
erably smaller width and extent of the dimmings in

the 304-A line, as well as their locations, suggest
that the transition region is reached by the deepest,
central regions of the coronal dimmings. Moreover,
some dimming fragments that are not visible in the

coronal lines are revealed in the 304 A line, such as
the branch 2-10 that originates from point 2 toward
the southwest. It will become clear below that, with
some variations, such situations are also typical of
other eruptive events.

Note that, as seen from the rotated difference
heliograms taken at even longer time intervals, the
twin dimmings described above and the brightening
along the southern boundary of the northern polar
coronal hole recorded in the three coronal lines and
the transition-region line were observed over at least
15 hours, until 19 UT, and largely preserved their
spatial structure during this time.

3.2. Event of January 18, 2000

In contrast to the preceding event, this eruptive
event occurred in a fairly complex global solar magne-
tosphere, when several active centers, filaments, and
coronal holes were observed on the disk (Figs. 2a, 2b).
In particular, it included a prolonged class 1N/M3.9
flare with its maximum at 17:27 UT in the south-
eastern active region AR 8831 (S19 E11; region | in
Fig. 2) and a well-defined halo CME, which initially
developed over the eastern limb and subsequently ex-
tended over all position angles. Note that the eruptive

southeastern prominence seen in the 304 A pre-event
heliogram (Fig. 2a) and its counterpart in the 304

and 171 A difference heliograms (Figs. 2c, 2d) are
associated with the preceding near-limb activity.

As is shown in [26] and can be seen from the six-

hour difference image in the 195 A line (Fig. 2e),
the corresponding dimmings displayed an anisotropic
structure in the form of extended, channeled transe-
quatorial features. An annular dimming is visible in
the immediate vicinity of the eruption center and
posteruptive arcade 1, whose deepest parts are the
northern and southeastern elements 2 and 3. The
latter feature is connected with active center 4, lo-
cated in the northern half of the disk near the central
meridian, by a pronounced, narrow transequatorial
dimming strip, and has a westward extension 4-5.
The other eastern transequatorial channeled dimming
6-7, which is fragmentary in places and less intense,

ASTRONOMY REPORTS Vol.47 No. 1l 2003
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Fig. 2. Same as Fig. 1 for the event of January 18, 2000.

emerges from the southeastern dimming loop 3-6 and
stretches toward the active region in the northeast-
ern quadrant. Some of the other dimmings described
in [26] are also visible in this difference image, in
particular, the relatively faint dimming 8-9, which
partially borders the edge of a southern polar coro-

nal hole observed, e.g., in the 284 A line (Fig. 2b).
The relationship between this eruptive event and the
dimmings observed in the southwestern quadrant re-
mains unclear.

The main dimmings, including elements 2 and
3 joining to the eruption center, and both chan-
neled transequatorial structures, 6-3-4 and 6-7, are
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also observed in the lower-temperature 171 A line
(Fig. 2d).

However, substantial differences are visible in the
highest-temperature 284 A line (Fig. 2d), which are
important for our understanding of the origin of dim-
mings. In this case, they are mainly associated with
the transequatorial dimmings noted above. The east-
ern dimming branch that goes toward the north-
eastern active complex 7 is almost indistinguishable,
while an appreciable brightening is present in the
transequatorial structure 1-4 between the eruption
center and the northern active region, instead of a
deep dimming. The brightening also affects the entire
equator-facing loop system, which connects active
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centers 4 and 7 of the northern hemisphere; i.e., a
considerable portion of the space between the eastern
and western transequatorial dimming branches seen

at 171 and 195 A. At the same time, in the 284 A
line, the deepest dimmings 2 and 3 adjoining to the
eruption center and the southeastern dimming loop

3-6 are similar to those observed at 171 and 195 A.
In addition, at 284 A, there is some intensity decrease
(i.e., a weak dimming) localized generally within the
southeastern sector 1-10-11-1, although the eastern
edge of the sector, which coincides with the eastern
boundary of the southern polar coronal hole CHI,
seems to be slightly brightened, as are some other
narrow structures inside the sector. The dimming
7-12, which stretches toward the southeastern limb

along the narrow CH2, is more pronounced at 284 A
than in the other lines.

Transition-region manifestations of dimmings in

the 304 A line are not significant in this event, as
can be seen from the corresponding difference heli-
ogram (Fig. 2¢). Only dimming fragments with rela-
tively small areas can be distinguished in the coronal
lines around the eruption center 1. In particular, there
are well-defined dimming fragments and narrow loop
structures east, south, and west of the eruption cen-
ter.

3.3. Event of February 17, 2000

This event occurred one rotation after the pre-
ceding one (Section 3.2) at nearly the same site on
the solar surface; i.e., in the presence of a similarly
complex global solar magnetosphere. It developed
against the background of two sympathetic flares of
classes M2.5/1B and M1.3/2N that occurred in the
nearby southern active regions AR 8869 and AR 8872
(S25 W16 and S29 E07; regions | and 2 in Fig. 3)
and reached their maxima in soft X-rays at 18:52
and 20:35 UT, respectively [40]. According to the
SOHO/LASCO coronagraph data, the first signs of
a CME were observed over the southwestern limb at
19:31 UT, and an almost symmetric halo CME devel-
oped around the entire occulting disk after 20:06 UT.

Since the event developed most intensely near
19 UT, the frames taken at that time cannot be used to
construct the difference images in the four lines. For
this reason, the rotated difference heliograms shown
in Figs. 3c—3f were obtained using a twelve-hour
interval, as the difference between the frames of 13 UT
on February 17 and 1 UT on February 18, after they
were first rotated to 19 UT on February 17 at each
wavelength. Analysis of these heliograms confirms
the conclusion drawn earlier based on detailed data
in the 195 A line [26] that the dimmings that ac-
companied this event were global, mainly channeled,
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reflected the magnetic coupling between all the active
regions situated in the central sector of the disk on
both sides of the equator, and covered the entire space
between these regions (see also [40]).

This dimming structure is also visible in the

twelve-hour 195 A difference heliogram (Fig. 3e).
Some dimmings here abut on the western eruption
center 1. One or two dimming strips 3-4 and the
dimming 5 to the north of these emerge from this
center toward the west. Two dimming arcs branch
at point 3, curving around the eruption center I from
the south and stretching toward the eastern dimming
6. In turn, this last dimming is connected with the
eastern eruption center 2 by the narrow channel 6-7.
This center is surrounded by the dimming 7-8 from
the north and the well-defined dimming loop 9 from
the south. The transequatorial dimming channel
7-10-11 goes from the eruption center 2 through
the knot 10 toward the northern active region. The
connection between these regions and those to the
east of the central meridian is also indicated by a
number of dimming channels, such as the southern
horizontal strips 8-12 and 10-13-14-15, the northern
horizontal strip 16-17-11, and the vertical dimmings
13-17 and 14-16 connecting these strips. The north-
ern horizontal strip 16-17-11 extends in the west
to the northwestern region 18—the neighborhood
of a small coronal hole. Relatively faint but clearly
visible transequatorial dimmings directly connect the
western eruption center 1 with the northern region
11 and the northwestern region 18. On the whole,
the global system of channeled dimmings described
here reflects the fact that the magnetic structures
of the entire circular central sector of the disk were
involved in the eruption process. As is noted in [26],
the positions and configurations of most channeled
dimmings correspond to elements of the annular
system of emitting UV chains that was visible in the
195 A line before the event in the same central sector
of the disk. It is probably the eruption of precisely
these magnetic structures that determined the quasi-
symmetric annular shape of the halo CME observed
in this event.

A very similar dimming system can also be seen
in the corresponding 171 A heliogram (Fig. 3d). One
small difference is the somewhat weaker manifesta-
tion of the dimmings between the western eruption
center | and the northern regions 11 and 18. On the
other hand, the knot 13 and the main eastern and
northeastern channels aligned with the curve 15-14-
16-17-11 are more pronounced.

A different situation with regard to dimmings is
observed in the high-temperature 284 A line. The

corresponding difference heliogram (Fig. 3f) displays
all the main dimmings adjoining to the eruption

ASTRONOMY REPORTS Vol.47 No. 1l 2003
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Feb. 17, 2000

Feb. 17-18, 2000

01:13-13:13 jFeb. 17-18, 2000

01:06—-13:06

Fig. 3. Same as Fig. | for the event of February 17, 2000. The rotated difference images (c¢)—(f) were obtained over the twelve-
hour interval between 13 UT and 1 UT on February 18, 2000; all the heliograms were rotated to 19 UT on February 17, 2000.

centers 1 and 2, and, as in the other two coronal
lines, the pattern of the channeled dimmings generally
reflects the connections between the active regions
in the central sector of the disk. In this heliogram,
some eastern transequatorial dimmings are less pro-
nounced, while western dimmings, e.g., in the strip
1-18, are slightly more intense. However, no analogs
of the dimming knot 10 and the entire transequatorial
dimming between the eastern eruption center 2 and

the northern active region 11 are observed at 284 A
(Figs. 3d, 3e). On the contrary, a weak brightening
is present instead of the dimming, while a slight
intensity decrease is observed west of this structure,
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up to the strip 1-18. Another brighter transequato-
rial structure stretches from the zone between the
eruption centers 1 and 2 toward the northwestern
dimming region 16.

As in the preceding events, fragments of the

deepest dimmings are mainly visible in the 304 A
transition-region line (Fig. 3¢), in particular, near the
eruption centers | and 2. The dimming knot 10 on
the line between regions 2 and 11 also stands out. It
is noteworthy that a new dimming knot, 19, which
is not observed in the coronal lines, appears slightly
to the west and north of the knot 10. It is possible to
see on a computer screen and in high-quality prints
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of the heliogram (Fig. 3c) that the knot 19 is linked
by a weak dimming with the northern active region.

3.4. Event of April 29, 1998

This eruptive event included a long-lived flare
of class 3B/M6.8 in the southeastern AR 8210
(S21 E03), which had its soft-X-ray maximum at
16:37 UT. It is noteworthy that the corresponding
CME appeared as a two-component halo with a
white-light maximum over the northeastern and
southwestern sectors of the limb. During the event,
AR 8210 (region 1 in Fig. 4) was essentially the only
active region on the disk, but it was adjacent to a large
transequatorial coronal hole, CH1 (Fig. 4b), which
occupied nearly the entire central zone of the disk,
and two other, much smaller, coronal holes CH2 and
CHS3 located between the eruption source 1 and the
eastern limb. The unusual appearance of the CME
[35] and the peculiar manifestations of the dimmings

in the 304 A line (see below) were apparently related
to these features of the global solar magnetosphere.
Analysis  of running-difference and fixed-
difference images and movies obtained using the
available 195-A data in intervals of 12-16 min shows
additional features of this event (see the web site
noted at the beginning of Section 3). A well-defined
coronal wave propagated from the eruption center in
two angular sectors—toward the northeastern limb
and westward; i.e., through CH1. (Such propagation
of a coronal wave within a coronal hole is apparently
rarely observed, and deserves special consideration in
a separate study.) Like the first sector of the coronal

wave, the main dimmings in 195 A developed in
the direction of the northeastern limb. This can also
be seen in the rotated six-hour difference heliogram
(Fig. 4e). The deep transequatorial dimming 2-3,
which formed in the immediate vicinity of CHI,
extends toward northern region 3 and joins with
the eastern meridional dimming 4-5. The narrow
dimming 6-7 curves around the eruption center 1
from the south; this dimming also has a number
of even narrower extensions in the eastern and
northeastern directions, in particular, toward point 4.
Weak manifestations of dimmings and fragmentary
brightenings are also observed along the southern
(8-9) and northern (3-10) boundaries of CHI. A
distinct but small intensity reduction also covers the
entire space of CHI, and several arc-like channels
stand out against this background, in particular,
between points 6 and 9. A similar slight intensity
reduction is probably present to the east of the
dimming 7-4-5.

As usual, an overall similar dimming structure is
also observed in the 171 A line (Fig. 4d). Minor dif-

ferences from the 195 A pattern include the fact that
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dimming 2 is somewhat broadened in the longitudinal
direction in the immediate vicinity of the eruption
center 1, and only individual fragments replace the
eastern meridional dimming 4-5 (Fig. 4e), especially
its northern part. In addition, the small-area dim-
mings 11 near the northern boundary of CHI1 and
some dimmings within CHI, including the arc-like
structure 2—9, are enhanced.

In this event, the main dimming 2 and its transe-
quatorial extension toward the northeastern region 3
are also present, although somewhat weaker, in the
difference heliogram taken in the high-temperature

284 A coronal line (Fig. 4f). The Yohkoh/SXT
data confirm the tendency for the dimming 2-3 to
weaken with increasing temperature: as shown in
[35], dimming 2 is almost invisible in soft X-rays, i.e.,
at even higher plasma temperatures, 7, > 2.5 MK.
The eastern meridional dimming 4-5, which is most

pronounced in the 195 A line (Fig. 4a) is likewise

only weakly manifest at 284 A. At the same time, the
dimming 6-7-4 passing to the south and southeast
of the edge of the posteruptive arcade 1 is visible as
clearly as in the other two coronal lines. Intensity
variations corresponding to CHI can also be seen in

284 A. The faint chains 3-10 are observed along the
northern boundary of CH1, which adjoins on narrow,
faint dimming structures. Similar structures are also
localized within CH1 (6-9) and along its western
boundary (9-10).

In contrast to the three events described above,
in this case, the largest-area dimmings can be dis-

tinguished in the difference heliogram in the 304 A
transition-region line (Fig. 4c). Not only are analogs
of the northern (2) and southern (6-7) coronal dim-
mings clearly visible near the eruption center I, but
an intensity decrease with appreciable amplitude and
area (i.e., a transient coronal hole) can also be seen in
the southern part of CHI1. A deep dimming starts from
the broadened eastern end (6) of the southern dim-
ming, covers an extensive portion of CH1 stretching
westward to point 12, then bends and extends toward
the southeast to point 13, located near the southern
boundary of CH1. This seems to imply that the CME-
induced restructuring of the magnetic field (opening
of the field lines) has also affected the underlying
transition-region plasma in the southern portion of
CHI1 and in the space between the eruption center 1
and CH1. As can be seen in Fig. 4c, this process was
also accompanied by the formation of a emitting chain
along the southern boundary of dimming 6. A similar
emitting structure is also present at the eastern edge
of dimming 2.

ASTRONOMY REPORTS Vol.47 No. 1l 2003
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304 A

Apr. 29, 1998

Apr. 29, 1998

19:18-13:20

Apr. 29, 1998 19:10-13:11

Fig. 4. Same as Fig. | for the event of April 29, 1998.

4. DISCUSSION AND CONCLUSION

The reduction of SOHO/EIT UV heliograms with
compensation for the rotation of the solar disk has
enabled us to construct rotated difference images over
six-hour (and 12-hour, when required) intervals, and
to study CME-produced dimmings (transient coronal
holes) simultaneously in three coronal lines (171, 195,

and 284 A) and a transition-region line (304 A).
This was also possible because the lifetimes of major
dimmings normally exceed these time intervals.

Our analysis provides additional evidence that, at
least in the three coronal lines, the dimming distur-
bances and transient brightenings produced by ma-
jor CMEs are essentially global and span the space
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between well-separated activity centers that may be
located on both sides of the heliographic equator.
This means that a large portion of the global solar
magnetosphere is involved in the eruption process.
Structures directly linked to the eruption center by
magnetic fields appear to be primarily involved in this
process [41].

The data obtained in all four lines also confirm
the conclusion obtained earlier based on a detailed
analysis of 195 A data [26] that, when the global
solar magnetosphere is complex and several active-
region filaments, coronal holes, etc. are present on the
solar disk, many dimmings are anisotropic, and can
be observed as narrow, extended channels.
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In many cases, the reduction of the EUV intensity
of the dimmings in all four lines is comparable to that

at 195 A and, according to the estimates of [3, 9, 26],
can reach several tens of percent.

Well-defined dimmings adjacent to the eruption
center are recorded in all four lines. They have nearly
the same shapes and locations in the three coronal
lines, while only the deepest fragments of such dim-
mings can normally be seen in the transition-region
line, rather than the entire coronal dimming area.
This, firstly, supports the previous conclusion of [3,
8, 9] that such dimmings result from a CME-related
partial or complete opening of field lines in the corre-
sponding magnetic structures and the evacuation of
plasma from them, and, secondly, suggests that this
process involves not only the coronal plasma but, to
some extent, the transition-region plasma as well. We
should bear in mind that the fragmentary dimmings
observed in the immediate neighborhood of eruption

centers (or active regions) at 304 A may be partially
due to a reduction in the emission of the SiXI coronal
line, which is also recorded by the 304 A filter[13, 30].

Channeled dimmings, especially transequatorial
ones, are manifested most clearly and in very simi-

lar ways in the 171 and 195 A coronal lines, which
have moderate excitation temperatures. The events
of January 18 and February 17—18, 2000 (Sections
3.2 and 3.3) show that a brightening in pre-existing
loop structures is observed at the locations of some
transequatorial dimmings in the high-temperature

284 A line. This suggests that the reduction in EUV
intensity of such structures in some lines and its
enhancement in others may be initiated by changes
in the plasma temperature—for example, by heating
due to CME-related thermal or MHD disturbances.
The above considerations do not mean that transe-
quatorial dimmings cannot be observed at all in the
high-temperature UV line, or even in soft X-rays.

Examples of transequatorial dimmings in the 284 A
line were indicated in our description of the events of
February 17—18, 2000 (Section 3.3), and April 29,
1998 (Section 3.4), and examples of observations of
such dimmings in soft X-rays are given in [21, 42]
(based on Yohkoh/SXT data). The analysis of numer-
ous transequatorial loops presented in[43] shows that

CME-related variations in the EUV (195 A ) and soft-
X-ray intensities can be manifested as dimmings in
some cases and as loop brightenings in others.

Our analysis of heliograms in the 304 A transition-
region line reveals dimmings invisible in the coronal
lines that appear far from the active region. In some
cases (the event of February 17—18, 2000; Section
3.3), these are dimming elements with relatively small
areas and intensity reductions, while in others (the
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event of April 29, 1998; Section 3.4), they are clearly
defined dimmings occupying a considerable portion of
a large coronal hole adjacent to the eruption center.
Such dimmings can arise, in particular, as a result of
the heating of the transition-region plasma (sinking
of the corona) during a CME. Another possibility is
the opening of field lines and outflow of material from
originally closed, low-lying structures in the transi-
tion region. In the case of the event of April 29, 1998,
this second possibility implies that the transition-
region plasma is directly involved in the eruption pro-
cess, so that a continuation of a substantial portion
of the existing coronal hole is formed at transition-
region altitudes; i.e., a transient “hole” develops in the
transition region.

As noted in Section 3, brightenings in the form of
elongated emitting chains are observed during some
events after a CME, at the boundaries of some dim-
mings or coronal holes in all four lines [8, 39]. Their
origin is most likely related to the energy released
due to reconnection during the interaction of evolving
open magnetic structures involved in the CME with
neighboring closed magnetic fields.

In conclusion, we emphasize again that our anal-
ysis of dimmings was based on rotated six-hour
and 12-hour SOHO/EIT difference heliograms,
obviously, this should be considered as the first
step only. A more detailed analysis of CME-related
disturbances (especially coronal waves) in various
spectral lines requires much higher time resolution,
reaching tens of seconds or several minutes. Such
observations—in the same four lines—are being
conducted on the TRACE (which has a restricted field
of view)[31, 33] and CORONAS F (which can obtain
full-disk images) [44, 45] space observatories.
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