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Abstract. The paper is controversial since it is based
on assumptions that require serious experimental con-
firmation. An attempt has been made to relate an in-
crease in the coronal mass ejection (CME) velocity at
the initial stage of its motion with a decrease in the free
magnetic energy Ege in the active region. In addition,
we have examined how magnetic helicity M;, changes in
the active region during the selected event. We have
analyzed the motion of relatively energetic halo-type
CME (the CME kinetic energy is 5.2-10 erg) recorded
on November 26, 2011 and linked to a C1.2 X-ray flare.
It has been shown that when Eg increases with time
and decreases with rising CME velocity the magnetic

helicity varies in the same way: with increasing Efyee, My,
intensifies and vice versa. For comparison, we show
Efee and M, variations during the event related to an
X3.1 X-ray flare and unrelated to CME. It turned out
that in this case My intensifies during the strongest de-
crease in Egee.

Keywords: active region, coronal mass ejection,
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INTRODUCTION

Coronal mass ejections (CMESs) are magnetic plasma
structures that are regularly erupted from the solar atmos-
phere into interplanetary space, carrying a significant
amount of mass, energy, and magnetic flux there [Webb,
Howard, 2012; Gopalswamy, 2016]. CMEs are responsi-
ble for the most severe effects of space weather on Earth,
such as powerful geomagnetic storms [Baker et al., 2008].
All this determines the importance of studying CMEs, in-
cluding patterns of their formation. It is currently believed
that the CME energy, which can be as high as units-10*
erg, is drawn from the solar magnetic field (see reviews
[Forbes, 2000; Klimchuk, 2001]. At the same time, mech-
anisms of transformation of magnetic field energy into
CME energy remain largely unexplained.

The presence of electric currents in the solar corona
can provide free magnetic energy Egee in an active re-
gion (AR), which is partially transformed into CME
energy and is defined as the difference between energies
of given magnetic and potential fields having the same
normal component at the boundary of the given volume.
Calculations of Eg, are usually based on 3D reconstruc-
tion of the coronal magnetic field using nonlinear force-
free (NLFF) approximation (see, e.g., [Wheatland et al.,
2000; Wiegelmann, 2004, Wiegelmann, Sakurai, 2012].
Such calculations rely on knowledge of the total photo-
spheric magnetic field. In the NLFF approximation, the
electric current is always parallel (or antiparallel) to the
magnetic field vector. The most common approach to
calculating the field in this approximation is the optimi-

zation method [Wheatland et al., 2000; Wiegelmann,
2004; Wiegelmann, Inhester, 2010; Rudenko, Dmitrienko,
2020].

A possible link between Eg.. change and occurrence
of CME has been repeatedly analyzed. So, Metcalf et al.
[2002] calculated the Ese. change in AR when there
were no solar flares in it. It was suggested that the de-
tected rapid decrease in Ege. Was related to the genera-
tion of halo CME, although this CME was not observed
in the field of view of LASCO coronagraphs. Choe,
Cheng [2002] examined the relationship of a change in
the force-free magnetic field with CME generation.
DeVore, Antiochos [2005] calculated Eg. for the
breakout CME model [Antiochos, 1998]. Falconer,
Moore, and Gary [2006], discussing magnetic causes of
CME, concluded that Eg is preferable to magnetic
twist. Lin, Kramar, and Tomczyk [2019] noted that a
new approach to finding Ej.. based on tomographic
measurements of solar corona parameters can be used to
compare Ege. With measured CME Kinetic energy.

One of the fundamental solar magnetic field parame-
ters is the magnetic helicity M, [Berger, 1999]. This
characteristic describes the topological properties and
complexity of the field and is a quantitative characteristic
of the magnetic field line twist in a selected spatial domain.
An important question concerns the origin of M. Pevtsov,
Maleev, and Longcope [2003] have found a link between
a change in My, and the emergence of a young AR.
This suggests that My occurs in AR before its emer-
gence.
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Various aspects of the link between CME and M;, have
been discussed many times. Jung et al. [2009] studied the
relationship between the CME velocity Vcye and My, in the
regions of CME solar sources. It is shown that M, positive-
ly correlates with Vepe. Zhang [2012] has concluded that
CME results from magnetic helicity accumulation. Kim
et al. [2013] studied magnetic helicity injection into AR
that produced many flare-related CMEs. Kim et al. [2017]
examined the relationship between Ve and My, near CME
sources on the Sun in early phases of solar cycles 23 and
24. Pal [2022] discussed transportation of magnetic helicity
into a CME magnetic flux rope.

Nonetheless, it has not been possible yet to link an
increase in CME energy at the initial stage of its motion
with changes in Eg and My,. One of the reasons for this
is that there are practically no energetic CMEs with
relatively high velocity unrelated to solar flares, and
very few energetic CMEs related to weak X-ray flares.
In this paper, by the example of one energetic CME
with a relatively high velocity associated with a C1.2 X-
ray flare we have first shown that with increasing Ve
at the initial stage of CME motion Eg.. and M, noticea-
bly decrease. At the same time, before the flare and
CME, Ef and M, increase synchronously and relative-
ly rapidly. A change in Ege during its decrease is slight-
ly greater than the estimated maximum kinetic energy of
CME at the initial stage of its motion. But if we assume
that part of Eg.e is transformed into the CME magnetic
field energy, the change in Eg during the initial CME
acceleration can be comparable to the total CME energy.
Note that the work is controversial as being based on as-
sumptions that require serious experimental validation.

DATA AND METHODS

The following requirements have been formulated for
the selection of events for subsequent analysis. We select
CMEs recorded by Large Angle Spectrometric Corona-
graph (LASCO; [Brueckner et al., 1995]) on board the
Solar and Heliospheric Observatory (SOHO; [Domingo
et al., 1995] with relatively high kinetic energy, which are
accompanied by very weak X-ray bursts. This is neces-
sary in order for a change in E.. to depend largely on a
change in CME energy, whereas the flare practically did
not play a prominent role. Moreover, weak flares have a
slight distortion effect on the photospheric magnetic field.
This provides a more accurate calculation of Ege. The
center of AR in which the CME occurred should not be
more than 60° away in longitude from the center of the
solar disk. This is necessary for the distribution of the
magnetic field over AR, in which the CME appeared, to
be calculated at least within £1 day relative to the
moments of occurrence of the CME and its associated
flare. We determined the CME origin from the loca-
tion of the center of the CME-related flare. CMEs that
meet the above requirements include halo CMEs. To
select necessary events, we have used data from the LAS-
CO CME Catalog [https://cdaw.gsfc.nasa.gov/CME] and
the LASCO HALO CME Catalog [https://cdaw.gsfc.
nasa.gov/CME_list/halo/halo.html], described in [Go-
palswamy et al., 2009, 2010]. To find the desired
CME, we have analyzed all halo CMEs for June 2010 —
December 2023. We selected the November 26, 2011
CME event that seemed to us the most optimum in the

context of the proposed requirements with CME having a
kinetic energy of 5.2:10°" erg and a C1.2 X-ray solar
flare. The analysis has shown a small number of energetic
CMEs associated with weak flares. It is not surprising as
it has been previously found that the relationship of Ve
and the CME kinetic energy Ey, with the intensity of
flare X-rays Xy or the importance of flares, recorded by
GOES, features a positive trend between a change in
Veme Of Egin 0n the one hand and Xy, or flare importance
on the other hand [Mari¢i¢ et al., 2007; Mahrous et al.,
2009; Youssef, 2013; Youssef et al., 2013; Shaltout et al.,
2019].

The selected CME originated in AR NOAA 11353

and was first observed in the LASCO C2 field of
view on November 26, 2011 (07:12 UT). CME with
Exn=5.2-10" erg was related to a C1.2 X-ray flare.
We can note the following facts suggesting that this
CME originated in this very AR. First, using the
method proposed in [Egorov, Fainshtein, 2021], we
have shown that the analyzed CME appeared on the
visible side of the Sun. According to [Egorov,
Fainshtein, 2021], this means that the CME moves
eastward in the field of view of STEREO-A COR2A
and westward in the field of view of STEREO-B
COR2B. This is precisely the situation that was im-
plemented for the selected CME (Figure 1).
Secondly, it was in this AR that the CME-related so-
lar flare with coordinates N17W49 occurred, and the
halo CMEs indicated in the catalog fall into this AR
(see also flare location [https://solarmonitor.org]).
Thirdly, calculation of the direction of CME motion
in 3D space from STEREO-A and -B COR data, us-
ing the method proposed in [Egorov, Fainshtein,
2021], has revealed that the continuation of the ob-
tained direction of CME motion from low altitudes
above the occulting disk of the coronagraphs to the
solar surface falls into the vicinity of the said AR.

Note that, according to the catalog Near-Earth Inter-
planetary Coronal Mass Ejections [https://izw1.caltech.
edu/ACE/ASC/DATA/level3/icmetable2.htm], in Earth's
orbit interplanetary CME (ICME) preceded by an interplane-
tary shock corresponds to the CME we have selected for the
analysis based on LASCO C2 data. The impact of the shock
— ICME sequence on Earth's magnetosphere is accompa-
nied by sudden commencement and generation of a minor
geomagnetic disturbance.

Figure 2, a illustrates the CME at one of the moments
of its observation in the LASCO C2 field of view; panel b
shows the dependence of solar radiation in soft X-rays.

For the initial period of motion of the CME consid-
ered (i.e., before its appearance in the LASCO C2 field
of view), we have plotted the velocity of the front part
of the CME (frontal structure) as a function of time. In
Figure 3, crosses mark the front fragment of the CME
frontal structure for one point in time. Its lower side
section is visible; the upper side one was not identified.
This means that we managed to show only the southern
part of the projection on the sky plane of the forepart of
the frontal structure. Perhaps this is due to the motion of
its selected area at an angle to the position angle of 270°
to the south. The middle of the outer boundary of the
CME frontal structure moves (Figure 2, a) in a direction
with the position angle ~270°.
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Figure 1. a— CME in the field of view of COR2A on board STEREO-A; b — CME in the field of view of COR2B on hoard
STEREO-B (catalog [https://cdaw.gsfc.nasa.gov/stereo/daily_movies /])
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Figure 2. CME at one of the moments of its observation in the LASCO C2 field of view from the CME catalog
[https://cdaw.gsfc.nasa.gov/CME] (a) and GOES X-rays from the catalog [https://sprg.ssl.berkeley.edu/~tohban/browser/] (b).
The red curve indicates the X-ray wavelength range 1-8 A; the blue curve with gray fragments, 0.5-4 A. On the vertical axis is

the X-ray intensity (W/m?) for any wavelength range.

To identify the outer boundary of the CME frontal
structure at the initial stage of its motion, difference
images of the Sun in the 171 A channel were used
which were obtained by AIA (Atmospheric Imaging
Assembly) [Lemen et al., 2012] on board SDO [Pesnell
et al., 2012] and were preprocessed. The preprocessing
involved image normalization and overlapping. The
normalization procedure was as follows. In each solar
image, a quiet zone next to the analyzed AR was select-
ed with average brightness in it. Then, for the solar im-
age at each time point, the average brightness in the
quiet region was divided by that at the first time point.
Next, the brightness in each pixel of each image was
multiplied by the obtained coefficients. The second pro-
cedure involved overlapping images aimed at eliminat-
ing the negative effect of the differential rotation of the
Sun on identification of CME position.

A change in the CME velocity at the initial stage of
motion is illustrated in Figure 4. We managed to determine
it only when the CME was moving over the solar limb.

The free magnetic energy was calculated from vec-
tor measurements of the photospheric magnetic field by
the Helioseismic and Magnetic Imager (HMI; [Scherrer
et al., 2012]), using the approaches described in
[Rudenko, Dmitrienko, 2020]. Rudenko, Dmitrienko
[2020] present a post-processing method that eliminates
the unavoidable magnetic field non-solenoidality calcu-
lated by optimization class codes, which is due to the
noticeable role of the gas pressure gradient in the force
balance at photospheric heights, as well as some math-
ematical properties of the optimization procedure and its
associated boundary value problem. Post-processing
converts the entire non-solenoidal part of the magnetic
field into a solenoidal field.
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Figure 3. Magnetogram of the magnetic field measured along
the line of sight with the base of the calculation box for free mag-
netic energy is denoted by the black rectangle (a). For the conven-
ience of applying the base of the calculation box, we have used
the magnetogram (20:57 UT) [https://solarmonitor.org] (b).
An example of identification of the leading edge of CME
(crosses) for 06:44:00 UT
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Figure 4. CME velocity as a function of time at the initial
stage of motion. Error bars are estimated from the assumed
shape of the frontal structure that has a small curvature

The magnetic field energy in the calculation box of
volume ¥
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Potential field energy
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Free magnetic energy
Efree = Emag - Epot' (3)

Magnetic helicity M, in the calculation box above
AR was determined by the method described in
[Rudenko, Myshyakov, 2011], which provides an algo-
rithm for calculating the calibration-invariant helicity of
the magnetic field given in the rectangular box. The
algorithm was tested and verified by the well-known
semi-analytical force-free field model [Low, Lou,
1990], which the authors reformulated in terms of the
vector potential.

The following relations were used:

M, = :(A—Apm)(B—Bpm)dv, (4)
A=A, :—ij.:(r—r’)/

/(|r -rB(r)- Bot (r’)) dv’.
The vector Ay, was calculated in the rectangular box
by the method proposed in [Rudenko, Myshyakov, 2011].
Bpot =V XA (6)

®)

The magnetic field By, was chosen in such a way
that the normal field component B at the boundary of
the calculation box Sy satisfied the condition

(nB), =(nByur), - )

RESULTS

Figure 5 illustrates a change in Ege in the calcula-
tion box above AR NOAA11353. The size of the side of
the base of the box was 12°; its height, 0.22 R (R; is the
solar radius). Until ~06:25 UT, Eg. is almost unchanged
against relatively small fluctuations, then there is a
sharp increase in it, which is accompanied by its abrupt
decrease followed by an increase and a subsequent de-
crease in Egee. The first increase in Eg might have been
related to a new emerging magnetic flux (NEMF) occur-
ring on November 25, 2011 at ~17:00 UT. This NEMF
ended on November 26, 2011 at ~07:00 UT. The pres-
ence of NEMF in AR NOAA11353 during the given
time period is noted, for example, in Helioviewer
[https://gs671-suske.ndc.nasa.gov]. This NEMF might
have been a driver of a small X-ray flare that began at
nearly the same time as the first decrease in Eg, as well
as the CME under study.

We have estimated the times tife and trpe Of the be-
ginning and end of the first decrease in Eg. (See Figure 5).
It was found that t;se=6 hrs 36 min, tyse.=6 hrs 48 min.
It follows that Atfee=tofree—t1ree=12 Min. For comparison,
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Figure 5. Variations in Eg in the calculation box above
AR NOAA11353. The left red vertical line is the beginning of
a sharp increase in Ege; thin red vertical lines are the begin-
ning and end of a decrease in Ege; thin blue vertical lines are
the beginning and end of the acceleration of CME at the initial
stage of its motion

we also estimated the times ticve and toeme of the be-
ginning and end of the rapid acceleration of the CME at
the initial stage of its motion. We determined tiycve by
extending the segment as a straight line (see Figure 4)
between the first two points before intersection of this
line with the horizontal time axis. The time correspond-
ing to this point was assumed to be t;cye. The time indi-
cated by the last point in Figure 4 was taken as tycve.
We have obtained the following values of ticye and
teme: ticmex6 h 34 min, theme~6 h 49 min. It follows
that Atcpme=tocme—ticme =15 min. Given the 12 min time
resolution of the measurement of the vector photospher-
ic magnetic field used to calculate the free energy, as
well as the error in estimating t;cve, We can hold that
there is a good agreement between the beginning and
end of the Ef.. decrease and the beginning and end of
the rapid acceleration of the CME at the initial stage of
its motion. Accordingly, the time intervals Atggee and
Atcye Of the decrease in Egee and the rapid increase in
the CME velocity (kinetic energy) proved to be close.
The change in E. between the beginning and the end
of its decrease is ~7.26-10°" erg. The maximum kinetic
energy of CME at the initial stage of its motion is equal to
or slightly less than 3.47-10°" erg if it is supposed that the
mass of the CME at the end of the initial stage of its mo-
tion is the same as in the CME catalog, or slightly smaller.
Ewin has been estimated as in the CME catalog
[https://cdaw.gsfc.nasa.gov/CME_list/], using the projec-
tion velocity. In this case, it is the projection of velocity
onto the sky plane of a telescope which observes the Sun in
the 171 A channel. A more accurate estimate of E,, would
be to find it from the velocity in 3D space. With its ratio to
the linear projected velocity V3p/Vji, for our event from the
halo CME catalog, we multiply the maximum Kinetic en-
ergy obtained above by (Vap/Viin)°. As a result, we get a
more realistic value of E,,<4.08-10% erg at the end of the
initial stage of CME motion. The said discrepancy between
the decrease in Eg.. and the maximum Kinetic energy at the
initial stage of CME motion is most likely due to the fact
that in addition to the kinetic energy CME receives mag-
netic energy, which also needs to be compensated by a

decrease in initial Egee. Its small part will be spent on the
impulsive phase of a flare. From the change in Eg during
its first decrease and estimated E, at the initial stage of
CME motion, we can determine the probable magnetic
energy of CME as 3.18-10% erg. As far as we know, the
question about the mechanisms of the transformation of
Efre into the CME magnetic field energy remains open.

Given that the CME mass is found with a large error
and can change as the CME moves away from the solar
surface (see, e.g., [Vourlidas et al., 2000; Bein et al.,
2013]), it is surprising that estimated E,, proved to be
comparable to the change in Eg at the initial stage of
CME motion.

How valid is it to use the mass given in the catalog
[https://cdaw.gsfc.nasa.gov/CME] for calculating Ey, at
the initial stage of CME motion? A number of works (see,
e.g., [Vourlidas et al., 2000; Bein et al., 2013]) have shown
that the CME mass decreases slightly at shorter distances
from the coronagraph’s occulting disk. We therefore point
out the possibility that the actual mass may be smaller than
that we have selected. Although it is well known to experts
that the CME mass is found with a raw error, it is em-
ployed to estimate Ey;, and potential energy of CME in the
Sun's gravity field, as well as to estimate the forces acting
on CME. Since almost nothing is known about the CME
mass and its change near the solar surface (see [Bein et al.,
2013], where the deprojected CME mass was measured at
altitudes below 3R;), we had no alternative to using the
mass given in the CME catalog. Our estimates are valid
when the selected mass is reduced to about two times. The
increased difference between Es.. and E,;, can be attribut-
ed to the CME magnetic field energy that may be greater
than Eyp.

Thus, observations suggest that the time of a rapid in-
crease in CME velocity after its occurrence approximate-
ly coincides with the time of a decrease in Eg from a
maximum to decrease termination. Quite reasonable es-
timates of the maximum CME Kkinetic energy during the
rapid increase in its velocity have shown that a change in
Eee during its first decrease (see Figure 5) roughly agree
with the sum of the maximum CME Kinetic energy dur-
ing the sharp increase in its velocity and the expected
CME magnetic field energy at the end of the increase in
its velocity.

Nevertheless, note the following. It appeared that for
several time points for which the CME velocity was
measured (see Figure 4), the frontal structure proved to
be higher than the height of the box in which Ege. was
calculated. How can this affect the results? Let us try to
estimate how the dependence Eg..(t) will look like if the
height of the calculation box includes all points of
measured Vcwme, i.€. it increases. If a decrease in Egee
really coincides with a change in the CME energy at the
initial stage of its motion, the beginning and end of the
decrease in Eg(t) will not change since they are deter-
mined by the beginning and end of CME acceleration at
the initial stage of motion. At the same time, the begin-
ning and end of the Eg(t) decrease will rise, but to a
small height because the density of Eg.(t) decreases
with height. If we are not mistaken in estimating the
total energy of the CME at the initial stage of its motion,
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the decrease in Eg(t) will not change, but the decrease
will begin and end at other values of Eg(t). If we are
mistaken in estimating the total energy of the CME at
the initial stage of its motion by underestimating the
CME magnetic field energy, the beginning of the de-
crease in Eg(t) will go to a larger height. However, the
data analysis method will generally remain the same.
Thus, the exit of measuring points of CME velocity
from the computational domain may lead to underesti-
mation of the CME magnetic field energy, yet will not
affect the moments of the beginning and end of the
Efre(t) decrease when the height of the box for calculat-
ing Efee(t) changes.

The proximity of the estimated time it takes of the
maximum CME velocity at the initial stage of its motion
to reach the time resolution (12 min) of HMI vector
magnetic field measurements may seem strange, which
casts some doubt on the reliability of the results. In fact,
the time for CME to reach its maximum speed at the
initial stage of its motion is quite possible. This is con-
firmed by repeated measurements of Vcye(t) after the
occurrence of CME (see, for example, Veme(t) [Temmer
et al., 2010]). For the June 03, 2007 event, the time of a
sharp increase in Veye to the maximum value dT~8 min;
and for the December 31, 2007 event, dT~13 min.

There are events for which the calculated time of
change in Ege during a solar flare almost exactly coin-
cides with the time resolution of the HMI vector mag-
netic field measurements. This is shown, for example,
for two powerful X-ray flares recorded on September
06, 2017 ([McKevitt et al., 2024], see Figure 3). For the
October 24, 2014 event shown below (Figure 6), the
total time of Ef change was 36 min, but the main Eg..
change occurred for 12 min.

Note that an increase in Ege in AR before eruptive
processes (flares, CMES) is fairly common. At the same
time, the time scales of such an increase vary widely.
This is shown, for instance, in [Sun et al., 2012] for the
February 15, 2011 event: a rapid increase lasted for ~2—
3 hrs, followed by a slow increase for ~2 days. This
event features an X2.2 X-ray flare and CME with
Exin=9.7-10% erg., i.e. this is the case with a strong flare
and a relatively weak CME. McKevitt et al. [2024] have
shown an Ege change that accompanied two eruptive
events on September 06, 2017. In the first event, an X2.2
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Figure 6. Time variation in magnetic helicity for the Novem-
ber 26, 2011 event. Vertical lines are the same as in Figure 5

X-ray flare with weak CME was recorded; in the sec-
ond event, an X9.3 flare and a fairly powerful CME
with Ey»=3.6-10% erg. Before the former event, Egee
increased for at least 3 hrs (the authors of the cited
article failed to show the entire interval of Efee
change before the beginning of its decrease); before
the latter, ~3 hrs. The rapid increase in Eg. for a few
minutes in our case is most likely due to the peculiar-
ities of the NEMF behavior.

Let us try to explain features of the Eg.. behavior
after the end of its first decrease. It is clear that the
change in Egee(t) during this period weakly reflects
the evolution of the CME. According to the catalog
[https://cdaw.gsfc.nasa.gov/CME _list/halo/halo.html], after
a rapid initial acceleration V¢pe(t) changes rather
slowly. This means that the Kkinetic energy also
changes slowly, without abrupt changes that could
explain the second sharp decrease in Egee(t). The ab-
rupt increase in Eg.e(t) after its first decrease can be
attributed to the continuation of NEMF, which stops
at ~07:00 UT, and the low consumption of free ener-
gy by the flare and CME during this period. After
that, Ege(t) continues to increase for ~12 min, but at
a slower rate. The subsequent decrease in E.e repre-
sents the termination of the new emerging magnetic
flux, Ege(t) decreases to approximately the value at
the beginning of the Vcve increase (the first maxi-
mum Of Efee(t)).

Figure 6 illustrates a change in My(t) for the No-
vember 26, 2011 event. Conspicuous is the corre-
spondence between changes in Egee(t) and My(t): an
increase in Egee(t) is accompanied by an increase in
My (t) and vice versa. A slight change in E¢.e(t) before
the beginning of its first increase occurs with a slight
change in My(t).

Note that such a correspondence between the be-
havior of Ege(t) and My(t) is not typical of all erup-
tive events. Figure 7, a exhibits a powerful flare that
occurred on October 24, 2014; Figure 6, b illustrates
a change in Ege(t) for the eruptive event on October
24, 2014, representing an X3.1 solar flare unrelated
to CME. Various aspects of this event and several
other similar ones (a powerful X-ray flare unrelated
to CME) have been discussed in detail in [Thalmann
et al., 2015]. Figure 7, b shows a change in My(t) for
this event. It is apparent that during the fastest de-
crease in Egee(t) My(t) increases. Before and after the
end of the eruptive event, Ege(t) and My(t) change
with time in antiphase, on average.

The fact that Ege(t) and Mp(t) can change
synchronously was established for the June 07, 2011
eruptive event [Egorov et al., 2020]. It included a
powerful CME with E,,=1.8-10%* erg, an M2.5 flare,
and eruption of a relatively large filament.
Comparison between changes in Egee(t) and My(t)
(see Figures 7, 12, top and bottom right panels in the
cited work) for part of AR, where the magnetic field
changed most strongly during the eruptive event,
reveals a similarity between the changes in Efee(t)
and Mp(t).
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Figure 7. Intensity of soft X-rays (a) during an X3.1 solar flare from the catalog [https://sprg.ssl.berkeley.edu/
~tohban/browser/] (upper line is the wavelength range 1-8 A; lower line, 0.5-4 A); change in Egee(t) (b); change in My(t) (c).
The left vertical line indicates the beginning of a decrease in Egee close to the beginning of an increase in the flare emission
intensity. The right vertical line is the time close to the moment when Eg stopped decreasing.

CONCLUSION

The occurrence of CME is a fast process in the low-
er solar corona, which is accompanied by a release of a
large amount of energy that can be as high as (2+3)-10?
J. It has been repeatedly suggested that the source of
this energy is the free magnetic energy Egee accumulat-
ed in the active region in which the CME originated.
But it has not yet been possible to demonstrate this con-
vincingly. One of the reasons for this is that CME is
accompanied by solar flares, which are followed by a
decrease in Ege. IN Many cases, it is impossible to dis-
tinguish the Ege change related to the occurrence of
CME from the Eg.. change driven by a solar flare. For
this purpose, we should select a CME with relatively
high E,;, associated with a very weak flare. However, it
is quite difficult to select such an event since on average
with an increase in CME Ey;, the intensity of soft X-rays
of the associated flare increases. We managed to find
one event for 2010-2023 that meets this requirement.
We chose a halo CME with relatively high E,=5.2-10*
erg linked to a C1.2 X-ray flare. The CME was first
detected in the LASCO C2 field of view on November
26, 2011 (07:12 UT). We assumed that a driver of this
CME and the flare was a new emerging magnetic flux.

We have shown that an increase in CME velocity
at the initial stage of its motion almost concurs with a
decrease in Ege(t), i.e. an increase in CME velocity
begins approximately at the moment when Ege be-
gins to decrease, and ends approximately at the mo-
ment of the end of its decrease. The change in the
total CME energy is close, according to estimates, to
the change in Eg(t) during its decrease.

For the event considered, we have compared the be-
havior of Ege(t) and My (t). Changes in Efee(t) and My(t)
proved to have the same trends: an increase in Ege(t) is
accompanied by an increase in My(t) and vice versa.
This trend is unnecessary for all eruptive events. We
compared the behavior of Eg.(t) and My(t) for an erup-
tive event that was an X3.1 X-ray flare unrelated to
CME. The flare was recorded on October 24, 2014. For
such an event, Ege(t) and Mp(t) during the fastest de-
crease in Ege, as well as before and after the eruptive
event, change on average in the opposite way: if Eg.(t)
decreases, My (t) increases and vice versa.

When analyzing the selected event, we had to make
several assumptions. For example, we assumed that the
CME mass at the end of the initial stage of its motion
was equal to or slightly smaller than the mass given in
the CME catalog. We also supposed that a decrease in
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Efee(t) in the calculation box may be linked to a change
in the CME velocity even when it is above the calcula-
tion box at a relatively low altitude. All this stimulates
the continuation of the research aimed at finding a link
between changes in Egee(t) and Ve at the initial stage
of CME motion.
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