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Abstract—The solar event SOL2012—10—23T03:13, which was associated with a X1.8 flare without an
accompanying coronal mass ejection (CME) and with a Type Il radio burst, is analyzed. A method for
constructing the spatial and temporal profiles of the difference brightness detected in the AIA/SDO UV and
EUV channels is used together with the analysis of the Type Il radio burst. The formation and propagation
of a region of compression preceded by a collisional shock detected at distances R < 1.3 R, from the center
of the Sun is observed in this event (R is the solar radius). Comparison with a similar event studied earlier,
SOL2011-02—28T07:34[1], suggests that the region of compression and shock could be due to a transient
(impulsive) action exerted on the surrounding plasma by an eruptive, high-temperature magnetic rope. The
initial instability and eruption of this rope could be initiated by emerging magnetic flux, and its heating from
magnetic reconnection. The cessation of the eruption of the rope could result from its interaction with

surrounding magnetic structures (coronal loops).

DOI: 10.1134/51063772917080030

1. INTRODUCTION

Shocks are among the most common and in-
teresting phenomena in the Universe. Shocks are
conventionally divided into two types, according to
their excitation mechanism: piston and explosive.
Piston shocks are continually subject to the effect of
their pistons as they propagate. Explosive shocks
are generated due to transient increases in the total
pressure, and propagate without any piston effects,
leading to their rapid decay. The decay rate of a shock
depends on the parameters of the ambient medium. In
plasmas, the total pressure is the sum of the thermal
and magnetic pressures.

The excitation of piston shocks is associated with
coronal mass ejections (CMEs) [2—5], and flares ac-
companying such ejections can result in the excita-
tion of explosive shocks [6—8]. Shocks propagating
in the corona are manifest as Type Il radio bursts
at the fundamental frequency F and its harmonic
H ~ 2F[9, 10]. The temporal driit of F' and H from
higher to lower frequencies is related to the velocity of
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the shock-front propagation and the electron-density
profile in the ambient plasma.

A method for the identification and direct detec-
tion of shock fronts has been develope [11, 12], to
distinguish between the two types of shock when
both a CME and a flare are observed. The physical
basis for this method is the concept of perturbed
zones [13] moving ahead of CMEs, which result from
the CME’s interaction with the unperturbed solar
wind. In this case, the CME itself is the piston.
Measurements of shock-front widths indicate that
the energy-dissipation mechanism in shock fronts
changes from collisional to collisionless, depending
on the distance from the center of the Sun [14].

The first attempt to use this method for the direct
detection of shock fronts is described in [15], includ-
ing a joint analysis of spatially resolved sources of
Type Il radio bursts detected by the Nangay radio
heliograph [16]. Analysis of the event SOL2010—
11-03T12:07, whose second harmonic H was split
into two components with close frequencies f; and
fo, led to the detection and identication of the fronts
of the piston and explosive shocks attributed to the
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CME formation for the first time [15]. A similar anal-
ysis applied to the CME observed in SOL2010—06—
13T05:30 likewise enabled the detection and iden-
tification of the fronts of the piston and explosive
shocks [17].

As a rule, Type II radio bursts are accompanied
by CMEs. However, a number of events have been
observed in which Type Il radio bursts, probably gen-
erated by flares, were observed without CMEs [18].
An event of this sort (SOL2011-02—28T07:34) was
first studied in detail in [1]. The frequency drift of
the Type II radio burst was attributed to the propa-
gating shock. No methods for the direct detection
of shock fronts were used. This analysis led to the
conclusion that the flare was not directly responsible
for the shock, whose excitation was instead attributed
to the rapid expansion and then deceleration of a
coronal magnetic loop. In this case, the transient
effect exerted on the coronal plasma by the magnetic
piston is responsible for the shock formation in the
absence of a CME; the decaying shock front then
propagates similarly to an explosive shock.

The aim of our present study is to investigate in de-
tail the solar event SOL2012—10—-23T03:13 (which,
like SOL2011—-02—-28T07:34, displayed no CMEs
but did display a Type Il radio burst) by applying
this method for the direct detection of shock fronts,
accompanied by a joint analysis of the Type II radio
burst. We will also compare our results with the con-
clusions drawn in[1]for SOL2011—-02—28T07:34.

2. DATA AND PROCESSING METHODS

We used the AIA/SDO data [19] (EUV and UV

images of the 94 A—1700 A channels!) for our anal-
ysis. The time resolution of this instrument is about
12 s, and the outer edge of its field of view is located at
a distance of 1.3—1.4 R, from the center of the Sun.

We used difference images to study the region of
compression and the associated shock in time and in
various directions relative to its propagation axis. The
EUV and UV images present the running difference
brightness APg = P(t2) — P(t1), where P(t9) and
P(ty) are the brightnesses of two images nearest to
each other in time. In some cases, these images
were also represented in the form of the difference
brightness AP = P(t) — P(to), with a fixed initial
time ¢g that preceded the start of the event, and with
t > tg.

Regions of enhanced brightness, which are prob-
ably associated with enhanced pressure (which we
will further refer to as the region of compression),
usually have shapes resembling a circular arc (see
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Fig. 1d), with its center located at the origin of the
flare, denoted in Fig. la as the point O. The distance
from the solar center to the point O determined in
the direction of its positional angle PA is denoted
Rc. The angle PA is measured counterclockwise
from the north pole (see Fig. la). To construct the
profile and correctly deduce the size of shock fronts
in the difference brightness images, we constructed
distributions of the difference brightness AP(r) for
various angles « relative to the axis of the motion
of the region of compression of the CME (relative to
the PA) and for various times (the angle « increases
counterclockwise, see Fig. la). The distance r is
measured from the center O. The distances R to
the solar center and r are related as R = (RZ +r? +

2r R cos ) Y/2. Thus, we chose distributions AP(r)
for our study that were directed approximately along
the normal to the region of compression and the shock
front moving ahead of it.

3. ANALYSIS OF THE EVENT
SOL2012—10—23T03:13 OBSERVED

IN THE “COLD” 211 A CHANNEL

SOL2012—10—23T03:13 was associated with an
X1.8 X-ray flare, which started near the eastern
limb with heliographic coordinates S13EH8 at about
03:13 UT. The flare was observed in both the UV and
EUV bands, at least from 1700 A to 94 A. According
to SOHO LASCO/C2 and C3? and STEREO-
A and STEREO-B SECCHI/COR2® data, the
absence of CMEs was among the most interesting
features of this event, although a Type Il radio burst
was detected (http://www.e-callisto.org/).

Let us consider the progress of SOL2012—10—
23T03:13 first in the comparatively “cold” (T ~ 2 x

105 K) 211 A channel and then in the “hotter” (T ~

107 K) 131 A channel. Though the AIA/SDO CCD
arrays were overexposed at the location of the flare,
distorting the detected brightness, it was still possible
to attempt an analysis of the event dynamics. In
addition to the structure Stl detected at the flare
origin (the point O in Fig. 1a), the two arc structures
St2 and St3 participating in the flare process became
visible after ¢ = 03 : 14 : 37 UT; these two structures
moved a bit from the center of the Sun and then
stopped, decreasing their brightness (these processes
will be studied in more detail below, see Figs. 2—
6). The second process that is clearly visible in the
images is the appearance of the arc structures St3,
St4, St5, and St6 with larger radii (larger sizes),
which encompass the structures Stl and St2 at ¢t >

2 http://cdaw.gsfc.nasa.gov/CME_list/
3 http://secchi.nrl.navy.mil/cactus/
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Fig. 1. AIA/SDO 211 A images of (a)—(c) the difference brightness at successive times starting from to = 03 : 13 : 01 UT
and (d) the running difference brightness for SOL2012—10—23T03:13. The axes indicate solar coordinates in arcseconds.

03:15:13 UT. A region of compression ahead of
these structures, whose leading front we interpreted
as a shock, becomes visible after 03 : 16 : 25 UT (see
Fig. 1c). This region is clearly visible as a region
of enhanced brightness in the running difference-
brightness image at 03 : 16 : 49 UT (see Fig. 1d).

To study this process in more detail quantita-
tively, we constructed distributions of the difference
brightness AP = P(t) — P(tp) (with to =03:13:
01 UT) as functions of the distance r from the point
O. These distributions were constructed along the
direction a = 0° relative to PA = 108°, and were
averaged over an angle dav = 20° (see Fig. la). Fig-
ure 2 presents these distributions as radial functions
AP(r).

The brightness enhancement of the structure Stl
located near the point O (r = 0) began about t =
03 : 14 : 13 UT, just after the flare (hollow triangles
in Fig. 2a). The brightness and width of Stl then
sharply increase, while its position remains almost
unchanged (hollow diamonds in Fig. 2a). The arc
structure St2 rapidly appears at » ~ 0.006 R, with
its maximum brightness at t = 03 : 14 : 49 UT (filled
circles in Fig. 2a). Att =03 : 15 : 13 UT, this struc-
ture shifted to r ~ 0.015—0.017 Ry (diamonds in
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Fig. 2a), then remained fixed with a constant bright-
ness (hollow and filled circles and pluses in Fig. 2b).
During the interval between ¢ =03 : 15: 13 UT and
03 :16 : 25 UT, the arc structure St3 appeared at
r ~ 0.035 R, reached its maximum brightness, and
then sharply decreased (diamonds in Fig. 2a, circles
and pluses in Fig. 2b). The brightness of the arc
structure St4 increased sharply at r = 0.057 Ry at
t=03:16:01 UT (filled circles in Fig. 2b), then
decreased by almost an order of magnitude. However,
the positioin of St4 remained almost constant (see
Figs. 2c and 2d). The positions of the arc structures
Stb and St6 also remain constant.

At the same time, the formation of a region of
compression moving away from the Sun is observed
immediately in front of the structure St6 (shown by
the slanted shading in Figs. 2¢ and 2d). To analyze
the formation of the region of compression after its
appearance at t = 03 : 15 : 13 UT in more detail, we
jointly considered the distributions of the difference
brightness AP and of the running difference bright-
ness A Pg, for five successive times starting from ¢ =
03:15: 13 UT.

Figure 3 presents these distributions for the same
parameters as those used in Fig. 2. The formation
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Fig. 2. AIA/SDO difference brightness AP(r) determined for SOL2012—10—23T03:13 in the 211 A channel at successive
times, indicated. The distributions were constructed along the direction ov = 0° from the initial point O (PA = 108°,

Rc = 0.87 R ), with angular averaging over e = 20°.

of the region of compression at t =03 :15:37 UT
looks almost identical in the profiles for AP and APg
(shown in Figs. 3b1 and 3b2 by the slanted shading).
However, at the following time ¢ =03 : 16 : 01 UT,
the formation of the shock front in the leading portion
of the region of compression (gray in Fig. 3c2) is
reliably seen in the A Py, profile, but not the AP profile
(see Fig. 3cl). A similar situation is observed at other
succeeding times (see Figs. 3d1 and 3el). This can be
explained by the fact that the curves of the difference
brightness AP simultaneously describe changes in

the brightness profile and the position of the observed
structure. On the contrary, the running difference
brightness A Pg describes the profile of the moving
leading area, i.e., the shock front. It is difficult to
distinguish the shock front via a visual analysis of
the running difference image (see Fig. 1d). As the
region of compression (shown by slanted shading in
Figs. 3b1—3el and Figs. 3b2—3e2) moved through
the structures St4, St5, and St6, the brightnesses
and profiles of these structures changed (see the AP
variations shown in Figs. 2¢ and 2d and Figs. 3al—
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Fig. 3. AIA/SDO (al)—(el) difference brightnesses AP(r) and (a2)—(e2) running difference brightnesses APg(r) deter-
mined for SOL2012—10—23T03:13 in the 211 A channel at times ¢ > 03 : 15 : 13 UT. The other conditions are the same as

those in Fig. 2.

3el), but their positions remained almost the same.
For all the AP profiles shown in Figs. 2¢ and 2d and
Figs. 3al—3el, the peaks of the structures St4, St5,
and St6 are located at almost fixed locations (shown
by the vertical dashed lines).

Thus, these data indicate that this event does not
display any formation of moving frontal CME struc-
tures that could act as pistons exciting regions of
compression (perturbed zones) ahead of themselves
or shocks. It is well known, in their motion in “impul-
sive” CMESs, similar arc structures catch up to each
other and merge into a single moving structure that
forms the frontal structure of the CME [20, 21].

4. ANALYSIS OF SOL2012—10—-23T03:13
OBSERVED IN THE “HOT” 131 A CHANNEL

In the event considered, the region of compression
generated after ¢ = 03:15:13 UT propagates away

ASTRONOMY REPORTS Vol.61 No.9 2017

from the Sun, and this region could result from an im-
pulsive action exerted on the ambient coronal plasma
by the total pressure, which increases sharply in the
flare region. To verily this hypothesis, we exam-
ined the running difference brightness detected in the

“hotter” 131 A channel. Figure 4 presents images
of the running difference brightness for SOL2012—

10—23T03:13 detected at similar times in the 211 A
(Fig. 4a) and 131 A (Fig. 4b) channels. In the 131 A
channel, we can see the formation of the structure
Stl at the point O and the three arc structures St2,
St3, and St4, which display behavior similar to that

observed in the 211 A channel. At the same time,
the structures St5 and St6, as well as the region of
compression and the shock, are absent. This may
indicate that these latter elements have lower tem-
peratures than the value T ~ 107 K, typical for the

131 A channel. In contrast, these structures are



810

| 03:16:49-03:16:25 (211 A)

-300

—400 FE
Region o
compression

Z1000 -900  -800 700

ESELEVICH et al.

03:16:46-03:16:22 (131 A)

—-1000

-900

Fig. 4. AIA/SDO images of the running difference brightness detected in the (a) 211 A and (b) 131 A channels for SOL2012—
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visible in the 211 A channel, which corresponds to
T ~ 2 x 105 K.

We can study the dynamics of this event in more
detail using distributions of the running difference
brightness APr(r) detected in the 131 A channel at
successive times for PA = 108°, Rc = 0.87 R, a =
20°, and da = 5° (see Figs. ba—bc). The selected
direction « corresponds to the direction of propa-
gation of the leading portion of St4 observed in the
131 A channel (see Fig. 4b). A visual analysis of
the APr(r) profiles presented in Figs. 5a—5c¢ shows
that the temporal behavior of the structures Stl, St2,

and St3 observed in the 131 A channel is similar
to that of the AP(r) profiles observed in the 211 A
channel (see Figs. 2a and 2b). Initially, the maxima
of their brightness peaks shift somewhat along r,
but then remain almost fixed, though their brightness
gradually decreases with time. The behavior of St4

observed in the 131 A channel differs appreciably from

that observed in the 211 A channel. This is indicated
by the time variations in the A Pr(r) profiles observed
in the 131 A channel and presented in Figs. 5al—>5cl
on enlarged scales.* Figure 5b1 shows (filled circles)
that St4 becomes visible after 03:15:34 UT. Before
this time, only St3 was observed, at r =~ 0.033 Ry
(hollow circles in Fig. 5bl). The amplitude of St3
decreases somewhat at 03:15:58 UT (filled circles).
The mean point of the leading portion of St4 (marked
by x in Figs. 5bl and 5c¢1) is located at r ~ 0.058 R,.

Afterwards, the leading portion of St4 moves with
deceleration (see Figs. 5bl and 5¢1), while its bright-
ness amplitude AP;, decreases almost to the noise

41t was already noted that St5 and St6, as well as the region of
compression and shock, are not visible in the 131 A channel

level (see Fig. bbl) at a distance of r = 0.13 Ry,
reached at time 03:23:10 UT (not shown in Fig. 5).
Recall that, after a small shift, the St4 peak observed

in the 211 A channel remained almost fixed at r ~
0.065 Rq), with its amplitude decreasing with time
(see Figs. 2b and 2d). We can examine the spatial and
temporal dynamics of the observed structures and the
shock front more clearly using the kinematic curves
presented in Figs. 6a and 6b.

Figure 6a presents the kinematics of the motion
of St1—St4 observed in the 211 A channel. As was
noted above, each structure first undergoes accelera-
tion and related motion, but then stops at its individ-
ual distance r from the point O. We can also see that
the beginning of the St2—St4 acceleration describes
a single trajectory (dashed), attributed to the action of
some external agent. This trajectory is constructed in
Fig. 6b (pluses) using the circled points in Fig. 6a. As
was noted above, all the structures St1—St4 are also
visible in the “hot” 131 A channel (see Fig. 4b).

The kinematic curve (filled circles in Fig. 6b) con-
structed for the mean point (marked by x in Figs. 5bl
and 5cl) of the leading portion of St4 observed in

the 131 A channel is a reasonable extension of the
St2—St4 trajectory (circles in Fig. 6b) observed in
the 211 A channel. Namely, this curve (filled circles
in Fig. 6b) provides a fairly good description of the
motion and expansion of the bright boundary St4 ob-

served in the hot 131 A channel (see Fig. 4b). The tra-
jectory of the mean point of the leading front of the re-
gion of compression (marked by x in Figs. 3c2—3e2)

observed in the 211 A channel and imagined to be a
shock front, with its velocity decreasing with time, is
shown by the squares in Fig. 6b. The time depen-
dence for the shock front (hollow circles in Fig. 6b)
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Fig. 5. AIA/SDO distributions of the running difference brightness APg(r) detected in the 131 A channel at successive
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was fitted by a second order polynomial (parabola).
Figure 6e presents the time derivatives of both curves,
with these derivatives being the speeds of the struc-
ture St4 and the shock. Two important questions
arise in this connection:

1. Is the leading front of the region of compression
a real shock?

2. What is the reason for the shock excitation if no
CME is observed?

5. BASIS FOR THE EXISTENCE
OF A SHOCK FRONT
IN SOL2012—10—23T03:13. COMPARED
WITH THE SIMILAR EVENT
SOL2011-02—-28T07:34

To demonstrate the generation of a shock front in
our case, we used results obtained earlier for piston
shocks excited in the fronts of CMEs. A method for
the detection and identification of piston shock fronts
moving ahead of CMEs in various directions relative
to the axis of the CME motion observed at distances
R < 30 R from solar center was proposed in [11,
22]. The concept of a perturbed zone excited in front
of a CME, which affects the unperturbed solar wind,
provides the physical basis for the method [13]. When

ASTRONOMY REPORTS Vol.61 No.9 2017

the CME velocity w relative to the unperturbed solar
wind exceeds the local magnetosonic speed, which
is approximately equal to the Alfven speed V4 in the
solar corona, a shock is formed in the leading portion
of the perturbed zone [22]. It was also shown that,
at distances R < 6 R, the shock front width g
is comparable to the mean free path of protons A,
and the mechanism of the shock-energy dissipation
is collisional [22]. This indicates that 0 increases as
~1/N(R), depending on the distance from the Sun,
where N is the number density of the unperturbed
coronal plasma [23].

Turning to our case without a CME, we note
that the region of compression shown by slanted
shading in Figs. 3b—3e is an analog of a perturbed
zone. The only difference is that perturbed zones are
formed under the continuous action of CME pistons,
whereas the region of compression generated by a yet
unknown impulsive pressure moves without taking
energy from any pistons, but rapidly decaying. The
shock front in the leading portion of the region of
compression was first detected at 03:16:01 UT at a
distance r = 0.17 R from the point O (see Fig. 3¢2).
The initial shock velocity projected onto the plane
of the sky within distances r ~ 0.17—0.25 R was
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V, ~ 1200 km/s (see Figs. 3c2—3e2). At distances
r~0.25 Ro (R ~ 1.3 R), the shock front width was
0p ~ 0.05 R (see Fig. 3e2). According to [22], the
Aliven speed at these distances is V4 < 800 km/s,

so that the main condition for shock excitation is
fulfilled. The detected width of the front 6 p nearly cor-

responds to the width of the collisional piston shock
detected at distances R ~ 1.3—1.4 R or altitudes
h~0.3—0.4 Rq (see [22, Fig. db]). This nearly
fits our case, where h = r/sin(®) ~ 0.25/ sin(58°) =~
0.3 Ry and @ is the heliographic longitude of the
origin of the flare or St1. All the facts presented above
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support our idea that the front of the leading portion
of the region of compression shown in Figs. 3¢2—3e2
is a collisional shock. In addition, we also note the
following.

1. The shock front appears simultaneously with
a rapid increase in the hard X-ray flux from the flare
(vertical dashed lines in Figs. 6b and 6d); the flux of
soft X rays reaches its maximum about 1.5 min later.

2. A Type Il radio burst that is obviously related to
the shock-front propagation is observed, although its
first appearance was detected at 03:17:25 UT, about
1.5 min later than the first appearance of the shock
front in the 211 A channel (see Fig. 6b).

These two facts were also observed in SOL2011—
02—28T07:34, which is similar to SOL2012—10—
23T03:13 in the absence of a CME [1]. In that case,
the generation of a shock front in the absence of a
CME was supported by the detected time dependence
of the shock velocity V' (¢) compared to the temporal
drift in the frequency of the Type II radio burst. We
used this technique to obtain additional verification of
our conclusion concerning the shock.

Recall that the theory [24] associates Type Il radio
bursts with fluxes of energetic particles (electrons
and ions) moving through rarefied plasma, with these
particles being able to excite electrostatic oscillations
at the electron plasma frequency. These oscillations
can then be transformed into the first (fundamental)
F and second H harmonics of the radio emission via
Rayleigh and Raman scattering, respectively.

Assuming radial propagation of the source of the
Type Il radio burst, we can estimate the function V' (r)
and compare this with the observed shock velocity de-
pendence Vg, (r). To obtain this estimate, we used the
relation between the fundamental (plasma) frequency
of the radio emission and the local electron density of
the region producing the emission

F=9x10"3/n(r), (1)

where F' is the fundamental frequency in MHz and
n is the number of electrons per cubic centimeter.
The detected harmonic frequency is H = 2F. We
can take the distribution n(r), in particular, from the
model [25].

In SOL2012—10—23T03:13, the e-Callisto SSRT
radio spectrometer detected a Type II radio burst at
the main frequency F and second harmonic H ~ 2F
(see Fig. 7a). Both harmonics were split in two
components fi and fo. A drift of the radiation at
the H harmonic from ~370 MHz to ~110 MHz
over ~4 min was observed (the interval following
03:19:00 UT is not shown in Fig. 7a). A frequency
drift in F' is clearly visible over a shorter time inter-
val. Since the irequency drift in F' is clearer than
the drift in H, we used the former curves, assuming
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F = (f1 + f2)/2 (see Fig. 7a). The time dependence
for the heights of the shock front above the solar
surface, h =~ r/sin(®) ~ r/sin(58°), is shown by the
circles in Fig. 7b. The last detected position of the
front, h = 0.4 R, corresponds to the onset of the
radio burst observed at 03:18:00 UT at F' ~ 140 MHz
(see Fig. 7a), though the burst in the H harmonic
had been observed starting from 03:17:00 UT. The
model number density of the coronal plasma n [25]
multiplied by a coefficient of 5.5 corresponds to the
frequency F' ~ 140 MHz at height h ~ 0.4 Rs. As-
suming such a distribution for n(R), Fig. 7a presents
the drift in the frequency F' (as well as in f; and f5)
calculated from the shock-front trajectory within the
single time interval 03:15:30—03:18:00 UT, shown by
hollow circles in Fig. 7b (the indicated errors were
determined as the half-widths of the shock front).
The function h(t) calculated from the drift curve F'(¢)
(squares in Fig. 7a) is shown by squares in Fig. 7b
for ¢t 2 03:18:00 UT. We fitted the derived trajectory
h(t) with a parabola, with its time derivative shown in
Fig. 7c as the velocity Vg, (t). The results obtained
applying these assumptions indicate a connection
between the Type II radio burst and the shock-front
propagation.

Type Il radio bursts in the absence of CMEs are
observed fairly rarely. The event of this type that
was considered in greatest detail is SOL2011-02—
28T07:34, studied in [1]. In that case, the shock was
not directly detected, but visual identifications of a
moving boundary with a slightly enhanced brightness

visible in the AIA/SDO difference brightness images

obtained in the 171 A, 193 A, and 211 A channels
were used. Therefore, the relation established be-
tween the frequency drift in the Type II burst and
the velocity of the moving boundary was used to
identify the boundary as a shock front. In order to
verify the conclusions of [1], we applied our method
for the direct detection and identification of shock
fronts to SOL2011-02—28T07:34. Here, we must
take into account that the front was first observed
above the limb at about 07:38:44 UT. Figure 8a shows

the running difference brightness image in the 193 A
channel constructed for 07:39:32 UT, with the region
of compression above the limb indicated. The position
angle PA = 54° of the propagation of the leading
portion of this region and the point O located at
a distance Rc = 0.78 Ry from the solar center are
visible, as well as the angle « indicating the direction
in which the running difference brightness APr was
constructed. Following [1], we assumed that the
propagation occurs close to the plane of the sky, and
examined the motion of the region of compression and
of the front as functions of R, i.e., of the distance from
the solar center.
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Fig. 7. (a) The e-Callisto (SSRT) Type II radio bursts detected for SOL2012—10—-23T03:13 at the fundamental frequency
F and the second harmonic H. Each frequency is split into two close frequencies f1 and f2. (b) Experimental altitudes
h = r(t)/sin58° of the mean point of the shock front above the solar surface (circles), which correspond to the x shown in
Figs. 3c2—3e2, and the function h(t) (squares) calculated from the drift in the fundamental frequency F'(¢) for¢ 2 03:18:00 UT,
assuming that the coronal plasma density n(r) at these altitudes is described by the model [25] with the coefficient 5.5. (¢) The
function V() of the front velocity calculated by differentiating the curve shown in Fig. 7b.

Figures 8b—8e present distributions of the run-
ning difference brightness APr detected in the
193 A channel and constructed for PA = 54°, Rc =
0.78 Ry, a =10°, and da = 5° as functions of the
distance R from the center of the Sun at successive
times. The the region of compression (shown by
slanted shading) was first detected at 07:39:32 UT
(see Fig. 8c¢). The shock front is shown in gray. At
distances R¢ < 1.2 Rg, the front width dF remains
almost constant and reaches (2—3)L, where L =
0.0013 Ry, is the SDO/AIA spatial resolution. This
is fully expected, due to the high noise level in and
behind the region of the front (see Figs. 8c—8e).

The generation of the region of compression was
accompanied by a high-temperature jet (see Fig. 8a).
Figure 9a presents kinematic curves for the leading
portion of the jet (filled circles) and for the mean point
of the shock front (hollow circles). The appearance
of the jet precedes the generation of the region of

compression and shock; the speed of the leading
portion of the jet (filled circles in Fig. 9c¢) first sharply
increases, then decreases synchronously with a drop
in the brightness jump at its leading portion (filled cir-
cles in Fig. 9b). The shock continues its propagation
with successively decreasing speed (straight line in
Fig. 9¢). The true velocity of the shock front could
be somewhat higher, if the motion of the region of
compression and of the front does not lie strictly in
the plane of the sky.

Similarly to SOL2011-02—-28T07:34, the event
SOL2012—10—23T03:13 was preceded by significant
changes in the photospheric magnetic field in the
parent active region (see Fig. 10), detected by the
HMI/SDO vector magnetograph [26]. This was
most clearly manifest as a strengthening of the posi-
tive vertical magnetic field (Fig. 10c). Some smaller
changes in the horizontal magnetic field were also
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171 A channel; (¢) the speed of the shock front (hollow circles) and of the jef (filled circles) constructed by differentiating the

curves shown in Fig. 9a.

observed (Fig. 10b). The vertical electric currents did
not show any appreciable changes (Figs. 10e and 10f)

On the whole, the scenario for SOL2011—-02—
28T07:34 is similar to that for SOL2012—10—
23T03:13. Therefore, discussing the generation of
the region of compression and shock in SOL2012—
10—23T03:13, we will follow the discussion on
SOL2011-02—28T07:34 presented in[1].

6. DISCUSSION

Similar to a number of other studies (for example
[27]), it is noted in [1] that magnetic flux emerg-
ing from the convective zone was detected in the
region of flare generation. This suggests that the
event SOL2011—02—28T07:34 results from recon-
nection between an emerging magnetic loop and an
inclined coronal magnetic loop with both bases rooted

in the photosphere. Due to the reconnection with
the emerging magnetic flux, under the influence of
the tension in the field lines, the coronal loop first
sharply expands and then quickly stops, generating
a shock. The dynamics of the hot jef moving with
the loop supports this idea (Fig. 9). When the loop’s
expansion is stopped, the shock propagates farther
without the action of any piston. This is believed to be
a new mechanism for shock generation. The shock is
formed by a transient piston effect, since the coronal
loop does not erupt, in contrast to cases accompanied
by CMEs.

Returning to SOL2012—10—-23T03:13, we note
that a bright region observed in the hot 131 A channel
and bounded by the arc structure St4 shown in
Fig. 4b is similar to the hot jet observed in SOL2011—
02—28T07:34. Indeed, the speed of this region first
sharply increases, then quickly drops almost to zero

ASTRONOMY REPORTS Vol.61 No.9 2017
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(filled circles in Fig. 6¢ and the dashed curve in
Fig. 6e), with a simultaneous drop in brightness
(filled circles in Fig. 6¢). This generates a shock that
continues to propagate, with its speed decreasing
after the jet stops (hollow circles in Fig. 6¢ and the
solid curve in Fig. 6e). In our case, the jet differs
mainly in its size and form. It may be that our sit-
uation is more complex, with an emerging magnetic
rope instead of a magnetic loop, which successively
interacts with coronal magnetic loops standing in its

path.> When the orientations of the magnetic fields
of the rope and surrounding loops of the parent active
region are opposite, magnetic reconnection can bring
about rapid heating of the rope and an increase in its
pressure [28, 29]. This pressure increase can result
in a sharp expansion of the rope and its impulsive
action on other surrounding loops, leading to the
rope’s deceleration. This can generate a shock, which
continues to propagate and then decays without the
action of a piston. The appearance of bursts of
hard X rays radiated by accelerated electrons shortly
before the appearance of the shock front (Figs. 6b—
6d) also suggests a magnetic-reconnection process
initiated by an interaction between a rope and coronal
loops [30].

Thus, similarly to SOL2011-02—28T07:34, the
generation of the shock front in SOL2012—10—
23T03:13 may also be associated with the transient
(impulsive) effect of a magnetic piston (rope), though
the origin of this piston is unclear and could be quite
different. This requires additional studies which go
beyond the scope of the present work.

7. CONCLUSIONS

1. In the solar event SOL2012—10—23T03:13
considered here, there was no CME, but a Type Il
radio burst was observed.

2. Our direct detection of profiles of the difference

brightness in the AIA/SDO 211 A channel reveals
the formation and propagation of a region of enhanced
brightness (and probably of compression), with a
collisional shock detected in front of this region at
distances R < 1.3 R from the center of the Sun.

3. We suggest that the origin of this region of com-
pression and shock is a transient (impulsive) action
exerted on the surrounding plasma by an eruptive,
high-temperature magnetic rope. The initial insta-
bility of this rope may have resulted from interactions
with the emerging magnetic flux, while its heating
and initial acceleration could result from magnetic
reconnection.

® Magnetic ropes differ from loops in their field components
transverse to the loop axis.

ESELEVICH et al.

4. The absence of any CME may indicate that the
eruption of the magnetic rope was stopped at a height
of 0.1 Re (=70 Mm) above the photosphere, due to
the rope’s interaction with surrounding coronal loops.
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