130

Odessa Astronomical Publications, vol. 32 (2019)

DOl:http://dx.doi.org/10.18524/1810-4215.2019.32.182520

SOLAR PLASMA DYNAMICS DURING THE FORMATION
AND DEVELOPMENT OF ELLERMAN BOMBS PAIR

M. N. Pasechnik

Main Astronomical Observatory, National Academy of Sciences of Ukraine,

Kyiv, Ukraine, rita@mao.kiev.ua

ABSTRACT. The results of the specific features
study of solar plasma dynamics in different layers of
the active region (AR) of NOAA 11024 under the in-
fluence arisen and evolving two Ellerman bombs (EB-1
and EB-2) are presented. Spectral data with high spa-
tial and temporal resolution were obtained with the
French-Italian THEMIS solar telescope. We used spec-
tra were obtained in the H,-line and in the lines form-
ing within a wide range of photospheric heights: Fel
A A 630.15, 630.25, and 630.35 nm and Til A 630.38
nm. EBs evolved in the region magnetic flux that were
emerging at the time. Changes in the velocity and di-
rection of chromospheric and photospheric matter mo-
tion in the region of Ellerman bombs and in their im-
mediate vicinity at different stages of EBs evolution
were determined and analyzed.

Temporal variations in the line-of-sight velocities
(Vlos) of the chromospheric matter at a level of the H,,
core formation showed two periods in the velocity en-
hancement, containing several individual peaks. The
maximum Vlos was -9 and 8 km/s toward and from
the observer, respectively. Rapid upward and down-
ward plasma streams (where Vlos reaches —80 and 50
km/s, respectively) were sometimes observed.

It was found that upflows were predominant at all
levels of the AR photosphere. At the same time, Vlos
decreased considerably in the region of EBs. Appar-
ently, the small-scale downward flows induced by mag-
netic reconnections were superimposed onto the large-
scale upward motion of the new magnetic flux plasma.
The line-of-sight velocity in the central part of EB-1
and EB-2 varied from —1 to 0 km/s and from —1 to 0.2
km/s in the upper photospheric layer and from —1.6
to —0.2 km/s and from —1.1 to 0.25 km/s in the lower
layer of the photosphere, respectively.

The studied features of temporary changes in the
line-of-sight velocities of the chromospheric and photo-
spheric matter during the formation and development
of Ellerman bombs indicate that they affect both the
photosphere and the lower chromosphere.

Keywords: Ellerman bombs, chromosphere, photo-
sphere, line-of-sight velocities.

AHOTAIIA. TIlIpejacraBiieHo pe3yabTaTw JIOCIi-
JI2KEHHsI 0COOJIMBOCTEN JUHAMIKM COHSIYHOI ILJIa3MHU B
pizaux mrapax aktuBHOI ob6jacti NOAA 11024 misx
BILMBOM J1BoX 60M06 Esrepmana (BE-1 ta BE-2), axki
BUHUKJIN 1 po3BuBasmcs. CHekTpajibHi JaHi 3 BUCOKOIO
IIPOCTOPOBOIO  Ta YaCOBOIO PO3JILIHLHOIO 3JIATHICTIO
OyJI0 OTPUMAHO 3a JIONOMOro (PPaHKO-iTaJIiCHKOTO
coustaynoro rejieckorra THEMIS. Mu Bukopucraan
creKTpH, sKi Oys0 orpumano B JjiHil H, Ta B JiHisX,
110 (POPMYIOTHCS B IITUPOKOMY Jiarna3oHi (porocdepHmx
Bucor: Fel A 630.15, 630.25 i 630.35 um Ta Til A
630.38 um. Bombu Enepmana po3BuBasincs B 001acTi
MarHiTHOrO ITOTOKY, IO BUXO/IWB B TOI Yyac. BusHadeHo
Ta TMPOAHAJTI30BAHO 3MiHM MIBUJIKOCTI Ta HAIPIMKY
pyxy xpomocdepnoi Ta ¢oTrochepHOl PEIOBUHHU B
obstacti 6om6 Enmepmana Ta ix HAMOIMKINX OKOJTHUITH
Ha pi3HUX cTaIigax po3BuTtky BE.

Yacosi 3minn upomenesoi mBuakocti  (Vlos)
xpoMmocdepHOl peYoBHMHU Ha, piBHI  (POpMyBaHHS
anpa gimil H, wMamm aBa mepiogn 30iIbITIeHHS
MIBUJIKOCTI, $Ki CKJIAJAJUCSd 3 JeKLIBKOX OKPEMUX
nikis. Makcumasbaa Vlos cranoBmwiia —9 ta 8 km/c
Yy HaIpsMKy cIocTepirada Ta Bij HbOTO, BiJIIIOBIITHO.
B pmesxi mMoMeHTH cHOCTEpEKEHb ICHYBAJIM ITOTOKHU
IJ1a3Mu Bropy Ta Bam3, ne Vlos carama —80 ra 50 kwm/c,
BIIIIOBIIHO.

Byno Bcramosmeno, 1mo Ha Bcix piBHaX doTochepn
B AaKTUBHOI 0OJIacTi BiOyBaBCsS MEPEBaXKHO IiIHOM

pedoBUHU. Y TOH Ke [ac CIOCTEPIraJiocs TOMITHE
3Mmenmendst Vlos B wmicngx posramyBanns BE.
NmosipHo,  api6momacmirabmi  Hu3Xigmi — OTOKH,
BUKJIUKAHI MarHiTHUMHA repes3’eIHAHHAM,
HAKJIQJIAJAUCA Ha  BEJUKOMACIITAOHWI  BUCXIJIHUIA
PyX ILUIa3MU HOBOT'O MArHiTHOTO MOTOKY. IIpomenera

MIBAJIKICTL B IleHTpaJbHil dactuai BE-1 Ta BE-2
amiHoBasacs Big —1 go 0 km/c i Big —1 mo 0.2 xm/c
y BepxaboMy Imapi ¢orocdhepu Ta Bim —1.6 mo —0.2
kM/c 1 Big —1,1 mo 0.25 KM/c y HUXKHBOMY IIapi
dortochepn, Bimmosimuo. ocsimxkeni ocobsmBOCTI
9aCOBHUX 3MiH IIPOMEHEBUX IMBUIKOCTEH XpOMOChepHOT
Ta, orocdepHol pedoBmHEM Iy Yac (HOPMYBaHHS
Ta po3BuTKy OOMO Esutepmana cBimiaTh, IO BOHHU
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Figure 1: H, spectrum of the AR obtained at 9:42:45
UT. EB-1 and EB-2 are Ellerman bombs, L1 is the
analyzed area, and L2 is the AR section lies outside the
region of emerging magnetic flux and without active
structures.

BIUIMBAIOTh #K Ha dorocdepy, Tak 1 HA HIKHIO

xpomocdepy.
Kuaro4dosi cioBa: 6oMm6u Ejutepmana, xpomocdepa,
dorocdepa, MPOMEHEBI IITBUIKOCTI.

1. Introduction

Ellerman bombs (EBs), or moustaches, are a part of
solar activity. They are short-lived, small-scale bright
structures in the solar atmosphere. EBs connected
with a rapid local release of energy, magnetic fields, and
specific plasma motions (Nelson et al. 2013). Ellerman
bombs can affect the complex dynamics of the upper
solar atmosphere. They mostly appear in the young de-
veloping active regions (ARs) with a complex magnetic
structure, in the regions of emerging magnetic fluxes,
and in the vicinity of sunspots. Although this interest-
ing phenomenon has been in the focus of many studies,
but in which layer of the solar atmosphere magnetic re-
connections triggering the formation of EBs occur still
remains unclear. Some authors have suggested that
Ellerman’s bombs are a purely photospheric phenom-
ena (Vissers G. J. M. et al. 2013). It is assumed that
the magnetic-field energy in the process of EBs de-
velopment is spent largely on acceleration of plasma
flows. Jets of matter originating at t he reconnection
site form, differently directed motion is observed. The
study of matter motion specific features at different
levels of the solar atmosphere during EBs development
should help determine the height of their formation.

2. Observational data

The studied Ellerman bombs (EB-1 and EB-2)
emerged and evolved in active region NOAA 11024
(AR). Spectral data with high spatial (below 1 ar-
sec) and temporal (about 3 seconds) resolution were
conducted by E.V. Khomenko with the French-Italian
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Figure 2: Temporal variations of the emission intensity
(I/Ic) in the wings of the H,, line at the distances of 0.1
nm from its center in the long-wavelength (curves 1),
short-wavelength (curves 2) wings and also Fe-1, Fe-2
line-center intensity in the spectra of EBs central part.

THEMIS 90-cm vacuum solar telescope on July 4, 2009
(Kondrashova et al., 2013). During 20 minutes, from
09:30 UT to 09:50 UT, 400 spectra of the active region
NOAA 11024 were obtained. On the day of our ob-
servations AR was at an early stage of evolution, and
its activity was quickly growing. In our work we used
two spectral regions containing the chromospheric line
H, and four Fraunhofer lines forming within a wide
range of photospheric heights: two strong neutral iron
lines Fel A\ 630.15, 630.25 nm and two weak lines Fel
A 630.35 nm and Til A 630.38 nm. In the paper these
lines are denoted as Fe-1, Fe-2, Fe-3 and Ti. It should
be noted that two strong and two weak lines forming
in upper and lower photospheric layers,respectively.

Figure 1 shows one of the H,-spectra AR obtained
during our observations. The width of the spectrum
range containing the H, line was approximately 0.6
nm. The studied AR site is marked by an arrow L1
and L2 is the AR area without active structures, which
was also studied for comparison. Two extended bright
narrow emission bands are seen in the wings of the
H,, line, while a central part of the line is occupied
by absorption. These bands are two Ellerman bombs
(EB-1 and EB-2) having developed for that time. It is
worth noting that the spectra of Ellerman bombs are
opposite to the spectra of flares by appearance: in the
flares, on the contrary, a strong emission in the center
of the H, line and not very extensive and rather weak
wings are observed.

EBs evolved in the region of the emerging magnetic
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Figure 3: Intensity variations along the spectrograph slit during our observations in the blue wing of the H,,
line at distance 0.1 nm from its center (a), in the center of photospheric line Fel-1 (b) and line-of-sight velocity

determined from the shifts of the Fel-1 line core (c).

flux (Valori et al., 2012). Interestingly, the beginning
of our observations coincided with the initial stage of
EB-2 evolution (Pasechnik, 2016).

3. Temporal EBs evolution

In our work, we used the Stokes I profiles obtained
from the spectra with an interval corresponding to the
distance of 160 km on the solar surface (Pasechnik,
2016). It was found that the profiles of researched
lines determined at different stages of EBs evolution
were asymmetric with the emission excess in the long-
wavelength wing (Fig. 2). Figures 2 and 3 a, b show
changes in the intensity of the studied lines in the spec-
tra of Ellerman bombs during our observations. It is
seen that the brightness of EB-1 gradually decreased
while the brightness of EB-2 increased quite sharply.

All the time curves of brightness variation are shaped
like a series of peaks (Fig. 2). This indicates a pulsed
release of energy.

At all photospheric levels brightness variations were
of an oscillatory nature with an interval of 1-5 min
(Fig. 2 and Fig 3 b).

An increase in the core intensity of all the studied
photospheric lines was correlated spatially with an in-
crease in the wing intensity of the H, line (Fig. 3 a,
b).
Within the first 3 min of observations three peaks
(with 1-min intervals between them) are seen in
all EB-1 brightness curves (Fig. 2). Figure 3 a, b

illustrates that the excitation induced by consecutive
magnetic reconnections in the EB-1 region propagated
along a magnetic loop and initiated the formation of
EB-2, and then the two EBs evolved as a physically
connected pair. It should be noted that observations
showed that 50% of Ellerman bombs appear and
disappear in pairs and are likely the bases of compact
magnetic loops (Zachariadis et al., 1987).

4. Variations of Chromospheric and Pho-
tospheric Vlos in the studied AR site with
evolving EBs

Changes in the velocity and direction of chromo-
spheric and photospheric matter motion in the region
of Ellerman bombs and in their immediate vicinity at
different stages of EBs evolution were determined and
analyzed (Pasechnik, 2019).

Temporal variations in the line-of-sight velocities of
the chromospheric material at a level of the H, core
formation showed two periods in the velocity enhance-
ment, containing several individual peaks. The max-
imum Vlos was -9 and 8 km/s toward and from the
observer, respectively. Figure 5 a shows that the peri-
ods of the velocity growth contained three individual
peaks.

It was found that upflows were predominant at all
levels of the AR photosphere. While noticeable de-
crease of the line-of-sight velocity magnitudes was ob-
served at the EBs location (Fig. 4). Apparently, the
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Figure 4: Line-of-sight velocity variations along the
spectrograph slit at different moments of observation
(Curves 1-5).

small-scale downward flows induced by magnetic re-
connections were superimposed onto the large-scale up-
ward motion of plasma of the new magnetic flux. The
shape of photospheric lines profiles reinforces this con-
clusion. The profiles of strong lines that formed in the
upper photosphere had a red asymmetry. The profiles
of weak lines forming in the lower photosphere had sev-
eral components in the red wing.

All the Vlos time curves are similar to the brightness
variation curves in that they are shaped like a series of
peaks (Fig. 2 and Fig. 5 b). This suggests that the
energy release in Ellerman bombs was associated with
successive intermittent magnetic reconnections. Two
time periods ( 6 and 4 min) comprising several peaks
manifested themselves. The velocity of upward motion
of photospheric matter decreased considerably within
these intervals. The line-of sight velocity in the cen-
tral part of EB-1 and EB-2 varied from -1 to 0 km/s
and from —1 to 0.2 km/s in the upper photospheric
layer and from —1.6 to —0.2 km/s and from —1.1 to 0.25
km /s in the lower layer of the photosphere, respectively
(Pasechnik, 2019).

The Ellerman bombs were accompanied by small
chromospheric ejections (surges) with upward veloc-
ities of about 60 km/s and lasting for 0.5-1.5 min
(Pasechnik, 2016).

5. Conclusions

Based on the research, it can be concluded that as
a result of a new magnetic flux emergence, an EB-1
was formed in the studied of the active region site. In
the EB-1 region pulsed energy was released due to suc-
cessive magnetic reconnections. Excitation propagated
from the EB-1 region along the magnetic loop and ini-
tiated the formation of EB-2, then they developed as
a physically coupled pair (Pasechnik, 2016, 2018).

The studied features of the temporal changes in
the line-of-sight velocity of chromospheric and photo-
spheric matter indicate that during the development
of EBs, multidirectional movement was observed - in

Vlos, km/s

Figure 5: Temporal variations in the chromospheric
and photospheric line-of-sight velocity determined from
the core line shifts.

the lower chromosphere layer, where the core of the
H, line was formed, the matter moved upward, and
in the same time downward flows reduced the velocity
of ascending plasma at the photosphere level. Such a
distribution of velocities could cause magnetic recon-
nections that occurred in the layer between the upper
photosphere and the lower chromosphere. (Pasechnik,
2019). It can be concluded that Ellerman bombs af-
fect both the photosphere and the lower chromosphere.
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